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An ice jam in February 1996 on the Clark Fork River, MT 
dem onstrated  that ice jams and associated floods are capable of transporting 
substantial quantities of fine-grained sedim ent. Despite this, very few studies 
have investigated the scouring and rem obilization of fine-grained sedim ent 
by ice jams. Sedim ents of the C lark Fork River are contam inated w ith 
elevated levels of As, Cd, Cu, Pb, S, and Zn as a result of a century of mining. 
Mill tow n Reservoir, located 200 km dow nstream  of the source of 
contam ination, acts as a storehouse for contam inated sedim ent. It is believed 
that except in 100-year flood events, the reservoir is capable of containing the 
contam inated sedim ent. The purpose of this study  is to determ ine the effect 
of ice jam s on the distribution  of contam inated sedim ent in the C lark Fork, 
and  to determ ine the role of M illtown Reservoir during  the ice jam of 
February 1996.
Elements included in the analysis of fine-grained sedim ent fall into 
two categories: those associated w ith  upstream  m ining activity, and those 
w hich are naturally  occurring in the basin. The concentrations of the m ining 
contam inants following the ice jam indicate tha t upstream  of M illtown 
Reservoir, erosive action of the ice caused a d ilu tion of contam inated 
sedim ent by the addition  of clean bank sedim ent. Below M illtown Reservoir, 
peaks in contam inant concentrations suggest that the reservoir was unable to 
contain the contam inated sedim ent, and instead acted as a secondary source 
of contam ination. The concentrations of elem ents w hich are naturally  
occurring in the basin appeared  unaffected by the ice jam.
These findings are relevant for the fu ture rem ediation M illtown 
Reservoir. Because ice jam s occur an average of every ten years on the Clark 
Fork River, strategies for the rem ediation of the reservoir m ust consider the 
effect of ice jam s on the d istribution  of contam inated sedim ent.
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In tro d u c tio n
In 1988, the U.S. Arm y Cold Regions Research and Engineering 
Laboratory estim ated the dam ages caused by ice jams on rivers in the United 
States to be $100 million dollars annually (Beltaos, 1995). Despite the dam age 
caused every year by ice jams and the flooding associated w ith  them, there is 
little literature devoted to the understanding  of these events. Several recent 
stud ies have investigated the mechanics of ice jams, including their general 
characteristics, the physics and therm odynam ics of their form ation, and the 
processes involved in the breakup of ice jams (Barnes-Svarney and M ontz, 
1985; Beltaos, 1996). Very few studies have investigated the effect of ice jams 
on the distribution  of river sedim ent. Eardley (1938) attributes the height of 
sand bars and m eander-bend deposits on the banks of the Yukon River to ice- 
jam sedim entation, and C hapm an (1931) describes the deposition of a layer of 
m ud  1 to 2 inches thick on river banks following an ice jam flood. It is clear 
from  the observation of ice jams that suspended  sedim ent concentration 
greatly  increases during  these events, yet there have been no recent studies of 
the scouring, rem obilization, and redistribution of fine-grained sedim ent by 
ice jams. Because ice jam s are capable of transporting and redepositing 
enorm ous quantities of sedim ent, they m ust be considered in any study  of 
sed im ent d istribu tion  in areas w here ice jams are likely to occur.
The conditions necessary for the form ation of ice jam s are com plex and 
poorly  understood  m aking the prediction of their occurrence fairly difficult 
(Barnes-Svarney and M ontz 1985). The location of ice jam s on a river, 
how ever, is more easily anticipated. Ice jams typically occur w here a large 
am ount of ice has accum ulated behind an obstruction on a river, such as a 
dam  (Barnes-Svarney and M ontz 1985). In addition, the risk of the form ation 
of ice jams and  the effects of the ice jam are greatly increased if there is 
significant sedim ent deposition upstream  of the dam  (Beltaos, 1995). Both of 
these conditions are m et at the M illtown Dam and Reservoir on the Clark 
Fork River, M issoula, MT (Figure 1).
B a c k g r o u n d
The u pper C lark Fork River has suffered the effects of m ining since 
1864, w hen  m etal extraction began in the Butte, M ontana area (Weed, 1912). 
Since that time, over 100 m illion tons of m ining w aste containing elevated 
levels of Cu, Cd, Pb, As, Zn, and S have been released into the headw aters of 
the C lark Fork River at Silver Bow and W arm  Springs Creeks (Andrew s,
1987; M oore, 1994) (Figure 2). Thousands of tons of the contam inants in the 
m in ing  w aste have accum ulated in M illtown Reservoir, nearly 200 km 
dow nstream  from the source (W oessner et al., 1984; M oore et al., 1988). This 
reservoir, constructed in 1906, continues to store m etal contam inants.
Clark Fork River
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Figure 1: The Clark Fork, Blackfoot, and Bitterroot Rivers in the vicinity of 
M issoula, MT
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Figure 2: Map of the Clark Fork River study area and surroundings 
(after Cain and Luoma, 1991)
prov id ing  po in t source contam ination of g roundw ater and chronic exposure 
of biota to elevated concentrations of metals (W oessner et al., 1984; M oore 
and  Luom a, 1990).
G roundw ater contam ination and detrim ental effects on river biota, 
especially the decrease in the num bers of trout dow nstream  (Phillips, 1985), 
have m ade rem ediation  of M illtow n Reservoir im perative. Several d ifferent 
m ethods of site rem ediation have been suggested by the U.S. Environm ental 
Protection Agency. M any of these proposals involve leaving the 
contam inated  sedim ents in M illtown Reservoir, and either treating the top 
layer of sedim ent, or attem pting to contain the sedim ent behind  the dam . 
Proponents of these plans believe that more harm  will be done by d isturb ing  
the sed im ent and  thereby rem obilizing the contam inants than by leaving the 
sedim ent behind M illtown Dam. It is believed that, except in the case of 
severe flooding, such as a 100-year flood, the dam  will be sufficient to prevent 
rem obilization of contam inated sedim ents by natural processes.
There is recent evidence, how ever, that events other than  centennial- 
scale floods are capable of transporting large quantities of contam inated 
sed im ent dow nstream  and possibly rem obilizing m etals from the sedim ent.
In late January  1996, thick layers of ice formed on the Clark Fork and 
Blackfoot Rivers du ring  an extended cold spell in the region. O n February 9, a 
rise in tem perature caused a breakup of the ice. Ice floes approxim ately 8
kilom eters long on the Clark Fork River and 20 kilom eters long on the 
Blackfoot River m oved dow nstream  at a rate of 10-12 kph. W hen the ice 
reached M illtow n Dam its progress was im peded and an ice jam occurred.
The resulting high w ater caused local flooding and the M ontana Pow er 
C om pany, w hich controls discharge at M illtown Dam, was forced to 
com pletely open the dam 's spillways in an attem pt to prevent dam age to the 
dam  by the ice.
The discharge of the Clark Fork below M illtown Dam from February 8- 
11 averaged 225.1x10^ 1/s (7950 ft^/s) and the concentration of suspended 
sedim ent averaged 431 mg/1. This suspended sedim ent concentration was 
w ell above the typical concentration of suspended sedim ent in February and 
also exceeded the suspended  sedim ent concentration during  spring runoff 
from  1992-1995 (U.S. Geological Survey) (Figure 3). According to the U.S. 
Geological Survey (USGS), the estim ated 100-year flood level for the Clark 
Fork River is 790x10^ 1/s (28x10^ ft^/s). The ice jam of February 1996 
dem onstra ted  that although the discharge of the Clark Fork River m ay be 
below  predicted flood-stage, the presence of ice can cause the river to exceed 
the capacity of M illtow n Dam.
The total recoverable (acid-soluble particulate p lus dissolved fractions) 
copper concentration below M illtown Dam in the floodw ater caused by the ice 
jam  w as m easured by the USGS to be 400 parts per billion. The copper
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Figure 3: Discharge and suspended sedim ent concentration at Turah Bridge on
the Clark Fork River, 1992-1996 and February 1996 (USGS, 1996)
concentration m easured at Silver Bow Creek, which is located 180 km 
upstream  adjacent to the contam inant source, was recorded at that time as 64 
parts per billion. The large increase in total recoverable copper levels below  
the reservoir suggests that even w hen the discharge of the river is far less 
than  the estim ated flow of a 100-year flood, a substantial am ount of 
contam inated  sedim ent can be transported  below the dam .
In the last century, ice jams have frequently occurred on the Clark Fork 
and  Blackfoot Rivers near Missoula. In the past 22 years, three ice jams on 
these rivers have resulted in flooding and dam age in the M issoula area, and 
betw een 1908 and 1964 at least seven additional ice jams occurred on the Clark 
Fork River (U.S. Arm y Cold Regions Research and Engineering Lab, 1997).
P u rp o se
The events of February 1996 dem onstrated that ice jams on the C lark 
Fork River may be capable of transporting substantial quantities of 
contam inated sedim ent dow nstream . The purpose of this study  is to 
determ ine the effect of ice jams on the distribution of contam inated sedim ent 
in the C lark Fork River. In addition, the study will attem pt to determ ine the 
role of M illtow n Reservoir as a possible source of contam inants du ring  the 
ice jam  of February 1996. While reservoirs are know n to com m only be the 
cause of ice jam s (Bam es-Svarney and M ontz 1985), there is very  little data  on
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the scouring of sedim ents out of reservoirs during  ice jams. This is 
particu larly  relevant for future rem ediation of M illtown Reservoir. If the 
reservoir is capable of acting as a source of dow nstream  contam ination during  
ice jam s, the effect of ice jams on sedim ent distribution m ust be considered in 
any p lans for rem ediation.
M ethods
F ie ld
From M arch 2-15, 1996, sedim ent sam ples were collected at 33 sites on 
the C lark Fork, Blackfoot, and Bitterroot Rivers, from just south of Deer 
Lodge to H arper's Bridge (Figure 2). Sites w ere an average of 5.5 kilom eters 
apart and w ere chosen on the basis of accessibility and abundance of sedim ent 
located on top of ice blocks. Samples w ere taken on the Blackfoot River 
upstream  of the dam  and on the Bitterroot River because they are relatively 
uncontam inated  (Andrew s, 1987; Savka, 1988; Moore et al., 1991) and could 
therefore dilu te C lark Fork River sedim ents. Samples w ere also collected in 
M illtow n Reservoir to determ ine the level of contam ination in the reservoir 
sedim ents com pared to the rest of the Clark Fork River.
In m ost cases, sedim ent sam ples were taken from on top of blocks of ice 
on the banks of the rivers to ensure that the sedim ent had  been transported  
by the ice flow. In several cases, sedim ent w as obviously recently deposited.
bu t the ice on the riverbank had m elted, leaving the sedim ent on top of 
vegetation. In M illtow n Reservoir, sedim ent was collected from the 
slum ping  banks of the reservoir to establish concentrations of m etals in 
sedim ent eroded during  the ice jam flood. All sam ples were collected using 
polypropylene spoons and were placed in plastic bags labeled w ith the sam ple 
num ber and location. Three to six sam ples were taken at each site to ensure 
that sam ples w ere representative of the site.
Laboratory
The sam ples were placed in an oven at 60-70° C until dry, 
approxim ately  48-72 hours depending  on m oisture content. Samples w ere 
then d ry  sieved using 15 cm diam eter polyester sieves w ith  stainless steel' 
m esh (See A ppendix A). Each size fraction was retained in a clean vial 
labeled w ith  sam ple nam e and grain size, and the <63|i.m fraction w as set 
aside for analysis.
The analysis w as perform ed using only the fraction of the sam ples 
<63|im for a num ber of reasons. Several studies have dem onstrated  that the 
largest concentration of m etals in a contam inated river system  is found in the 
fraction <63|im due to the high surface area to volum e ratio in the sm aller 
size fractions (Schoer et al., 1982; A ndrew s, 1987; M oore et al., 1989).
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Researchers have also pointed out that com parison of data betw een 
stream s or com parison of long-term  data from a single stream  is facilitated by 
lim iting grain  size to the <63|im fraction in order to m inim ize the effect of 
grain size on m etal concentrations (Bradford and H orow itz, 1982). The latter 
reason is particularly  relevant to this project, as a database consisting of five 
years of m onthly  sam pling of fine-grained sedim ents from four sites on the 
C lark Fork is available for com parison (Boggs 1994; Drake, 1997). A lthough 
the sedim ent sam pled by Boggs (1994) and Drake (1997) w as collected from the 
river bottom  rather than  from  on top of ice, it can legitim ately com pared to 
the sedim ent in this study. The sedim ent collected by Boggs and Drake w as 
taken from  the top 15 cm of oxidized bed sedim ent in channel m argins, and 
then w et sieved to collect the <63|im fraction. The bulk of the suspended 
sed im ent carried through  a river system  consists of m aterial <63|im w hich 
can then  accum ulate in channel m argins and sheltered areas of the river 
(H orow itz, 1982). Therefore, the top layer of fine-grained bed sedim ent 
collected Boggs and Drake represents suspended sedim ent w hich has settled 
ou t of suspension since the m ost recent h igh flow event. Similarly, the 
sed im ent fraction <63|im collected from ice blocks following the 1996 ice jam 
represents suspended  sedim ent w hich was carried onto the ice by the flood 
w ater w here it then settled out of suspension. These two surrogates for 
suspended  sedim ent can therefore be com pared because both are com posed of
11
suspended  sedim ent w hich was deposited following the m ost recent h igh 
flow  event.
A digest and analysis of the <63]j.m fraction was perform ed on each 
sam ple. The sedim ent was digested using a m icrowave aqua regia m ethod as 
described by H elgen (1996) (See A ppendix A). M ulti-elem ent analyses of the 
digests w ere perform ed on a Thermo-Jarrell Ash, IRIS inductively coupled 
argon plasm a em issions spectrom eter (ICAPES). The elem ents included in 
the analysis w ere Al, As, Ca, Cd, Co, Cu, Fe, Mg, Mn, Na, Ni, Pb, S, Sr, Ti, Zn.
Q u a l i ty  Assurance
Q uality  assurance m easures included the use of blanks, duplicates, and 
internal and external standards. By using blanks, duplicates, and standards, a 
m easure of precision and accuracy of the m ethod and the laboratory could be 
m ade. The results of the quality assurance m easures fell w ithin acceptable 
lim its (A ppendix A).
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R esults
The sixteen elem ents in this analysis have been d iv ided  into three 
groups on the basis of trends in concentration w ith distance dow nstream .
Group I - As, Cd, Cu, Pb, S, Zn
The elem ents in G roup I act very sim ilarly over the 185 km length of 
the study  area. From the most upstream  sam pling point at river kilom eter 
732.7 to kilom eter 596.1^ just upstream  from M illtown Reservoir, there is a 
decrease in concentration of all five elem ents (Figures 4A, 4B, 4C).
Below M illtow n Dam and the confluence of the Blackfoot and  Clark 
Fork Rivers, all five elem ents decrease in concentration for a single sam pling 
point. Im m ediately following this point all five elem ents d isplay peaks in 
concentration equivalent to those in the reservoir. These peaks are present 
for the next four sam pling sites, from river kilom eter 586.6 to kilom eter 583.1. 
In this stretch of the river, the concentration of As increases approxim ately 
275% from  its value at Turah Bridge (kilometer 596.1) upstream  of the 
reservoir; Cd concentration increases approxim ately 200%; Cu concentration 
increases approxim ately 250%; the concentration of Pb increases
 ̂ River kilometers were calculated from the River Mile Index for the Clark Fork-Pend Oreille 
River (Hydrology and Hydraulic Committee, 1976). The Clark Fork joins the Fend Oreille at 
Lake Pend Oreille. River miles are measured upstream from the confluence of the Columbia and 
the Pend Oreille Rivers.
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approxim ately  150%; the concentration of S increases approxim ately 375%; 
and  the concentration of Zn increases approxim ately 210% from its value 
upstream  of the reservoir.
For the rem ainder of the sites dow nstream  of M illtown Dam, the six 
elem ents of G roup I display decreases in concentration from the peaks in and 
below  M illtown Reservoir. At kilom eter 571.8 there is a peak in 
concentration of the G roup I elem ents which is believed to be a result of 
sam ple contam ination .
Group II - Al,  Co, Fe, M n ,  Na, Ni, Sr, Ti
The elem ents in G roup II, like those in G roup I, decrease in 
concentration over river kilom eters 732.7 to 596.1 (Figures 5A, 5B, 5C, 50). 
G roup II differs from G roup I in behavior im m ediately below  M illtown Dam. 
W hereas G roup I elem ents have well-defined, extrem e peaks in 
concentration betw een kilom eters 586.6 and 583.1, elem ents in G roup II do 
not d isp lay  any peaks in this area, bu t rather continue the gradual decrease in 
concentration  seen above the reservoir.
D ow nstream  of kilom eter 583.1, the concentrations of the G roup II 
elem ents rem ain approxim ately constant or continue to decrease for the 
rem ain ing  sam pling  points.
17
seueu
12500
10000-
7500-
5000-
2500-
' O VO VO
O O O O O O O O O Qc n < M —
River Km
o Above reservoir A Blackfoot River
♦ In reservoir ■ Bitterroot River
o Below dam
I
Oh
O O Q O Q00 r- ^  ^»f) un w) tn w)
River Km
Figure 5A: Concentrations of Al and Co in sediments collected over
the length of the study area
18
25000
20000 -
ç  15000 -
10000-
f — 1 1
2  8
"T" 1 1 1 1
8  ^  s  ®
r— T""T“
R
1
o
1 1 1
s  ^  s
1 1
® 8r- r- r- VO VO '5 VO 'O VO VO VO VO to to to to
River Km
O Above reservoir ▲ Blackfoot River
♦ In reservoir ■ Bitterroot River
o Below dam
Ieu
Mn-r
2000 -
1500-
1000-
500-
1 I I  I I I I
O O O O Q O O O
in m vn m to
River Km
Figure 5B: Concentrations of Fe and M n in sediments collected over
the length of the study area
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Group III - M g  and Ca
The two elem ents in G roup III differ from the other fourteen elem ents 
in that they increase in concentration w ith  distance dow nstream  betw een 
kilom eters 732.7 and 625.1 (Figure 6). D ow nstream  of the peak at kilom eter 
625.1, Ga and Mg decrease in concentration until kilom eter 596.1 upstream  of 
the reservoir.
In and just below the reservoir, Ca concentration increases to 135% of 
its concentration at kilom eter 596.1. Following the peaks in and below  the 
reservoir, Ca concentration rem ains approxim ately constant for the 
rem ainder of the sam pling sites.
The behavior of Mg is sim ilar to that of Ca from kilom eter 596.1 to the 
final sam pling site. In the reservoir there is a peak in Mg concentration 
followed by a rapid  decrease in concentration below the dam . M agnesium  
concentration rem ains at approxim ately this concentration for the rem ainder 
of the sites.
M i l l t o w n  Reservoir
Sam ples taken from  M illtown Reservoir are evaluated separately due 
to the difference in sam pling m ethods used in the reservoir. The reservoir 
sam ples w ere collected from the slum ping and eroding  banks of the
22
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of the study area
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reservoir, rather than from deposits on top of river ice or vegetation to 
determ ine m etal concentrations in the potential source sedim ents.
The concentrations of the G roup I elem ents in the reservoir are higher 
than  the G roup I concentrations im m ediately preceding the reservoir, and 
approxim ately equivalent to the G roup I peaks found below  the dam .
Sam ples from  kilom eter 588.9, taken from the eroding banks of M illtown 
Reservoir d isplay the beginning of the increased concentration in the 
reservoir. Sam ples from kilom eter 588.4, also from eroding banks of the 
reservoir have concentrations of As, Cd, Cu, Pb, S, and Zn 200-300% greater 
than  those taken just upstream  of the reservoir at Turah Bridge (kilom eter
596.1).
The G roup II elem ents do not display such extreme peaks in 
concentration in the reservoir. The concentrations of Fe, Na, Sr, and Ti 
d isp lay  m oderate peaks at kilom eter 588.4 in the reservoir. The other 
m em bers of G roup II display no real difference in concentration in the 
reservoir com pared to values at Turah Bridge above the reservoir.
The Blackfoot and Bitterroot Rivers
The Blackfoot River joins the C lark Fork River at M illtow n Reservoir 
just upstream  from  M illtown dam  (Figure 1). Concentrations of all of the 
elem ents of in terest in the Blackfoot River are substantially  low er than their
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average concentrations in the Clark Fork upstream  of the reservoir. N otably, 
in the Blackfoot, the average concentrations of Cu, Pb, Zn, Cd, and As are only 
10-25% of their values at Turah Bridge just upstream  from M illtown 
Reservoir (kilom eter 596.1) on the Clark Fork. The concentrations of all o ther 
elem ents in the Blackfoot are 80-50% of their values at Turah Bridge on the 
Clark Fork, w ith the exception of Ca, which has a slightly higher 
concentration in the Blackfoot, and Mg, which displays no significant 
difference in concentration in the Blackfoot.
The Bitterroot River joins the Clark Fork just w est of M issoula (Figure 
1). Differences in concentrations of contam inants in the Bitterroot are even 
m ore dram atic than those in the Blackfoot. The average concentrations of the 
G roup I elem ents (Cu, As, Cd, Pb, S, Zn) in the Bitterroot are only 10% of the 
average concentrations of those elem ents at Turah Bridge. The 
concentrations of all o ther elem ents in the Bitterroot are 80-20% of their 
values at Turah Bridge, w ith the exceptions of Ca and Ti which are 139% and 
150% respectively of their concentrations in the Clark Fork.
D iscussion
Several studies have dem onstrated that betw een the source at Butte, 
MT and Lake Pend Oreille, 550 km dow nstream , there is typically an 
exponential decrease dow nstream  in the concentration of m ining
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contam inants in fine-grained sedim ent (A ndrew s, 1987; A xtm ann and 
Luom a, 1990; Moore and Luoma, 1990). These contam inants include all of 
the elem ents found in G roup I of this study. In the period following the ice 
jam, how ever, the concentrations of the G roup I elem ents display very poorly 
correlated exponential decreases in concentration w ith distance dow nstream  
(Figures 7A, 7B).
In add ition  to the w eakening of the norm al dow nstream  exponential 
trend, the concentrations of the G roup I elem ents are depressed below  their 
typical values at Bearm outh (kilometer 644.2) and Turah Bridge (kilom eter
596.1). The typical values at these sites are based on m onthly sam pling data 
collected in February and March of 1992-1995 (Boggs 1994; Drake, 1997) (Table 
1).
Table 1: M ean concentrations (standard deviation) in ppm  of G roup I 
elem ents in sedim ent collected in F ebruary /M arch  1992-95 and 
February 1996
Gold
1992-95
Creek
1996
B e a r m o u t h  
1992-95 1996
Turah
1992-95
Bridge
1996
As 96 (21) 120 (8.8) 90 (14) 54 (1.0) 75 (18) 38 (8.4)
Cd 6 (0.8) 4.8 (0.3) 4.6 (0.5) 2.9 (0.5) 4.5 (0.4) 2.8 (0.8)
C u 998 (119) 936 (36) 661 (41) 349 (8.8) 596 (58) 277 (70)
Pb 172 (51) 152 (11) 136 (14) 72 (3) 143 (32) 61 (13)
S NA 2118 (139) NA 631 (101) 1776 (256) 726 (301)
Z n 1189 (109) 1016 (24) 1074 (74) 946 (180) 1026 (85) 702 (123)
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Figure 7A: Exponential fit of As, Cd, Cu, and Pb in sediments collected above the reservoir
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Figure 7B: Exponential fit of S and Zn in sediments collected above
the reservoir
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The depression of concentrations of the G roup I elem ents at these two 
sites and  the w eakening of the dow nstream  exponential trend are m ost likely 
a result of the erosional action of the ice as it traveled dow nstream  to 
M illtow n Dam (Figure 8). This w ould result in the mixing of additional 
uncontam inated  bank sedim ents w ith the contam inated sedim ents 
originating upstream . If the sedim ent transported by the ice w as sim ply 
additional contam inated bed sedim ent, the concentrations at Bearm outh and 
Turah Bridge w ould have rem ained the same or increased due to the 
add ition  of higher concentration sedim ent transported  from upstream . 
Because the dow nstream  exponential trend was d isrup ted  and the 
concentrations at Bearm outh and Turah Bridge were low ered, it is probable 
that there w as a source of additional "clean" sedim ent during  the February ice 
jam. The February 1996 concentrations of the G roup I elem ents at Gold Creek 
(kilom eter 694.6) do not appear to be lower than their typical values at this 
site. G old Creek is located upstream  of Bearm outh and Turah Bridge, w here 
the ice jam s w ere m uch thinner. Because of this, the site w ould  not have 
undergone the scouring and redeposition of sedim ent and subsequent 
sed im ent d ilu tion  tha t the other sites experienced.
In M illtow n Reservoir, the concentrations of the G roup I elem ents are 
quite variable, b u t correspond well w ith the values reported by W oessner, et 
al. (1984) for total m etals recovered from grab samples. Differences in
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Figure 8: Photograph of ice jam scouring. Note lighter colored tailings 
overlying cleaner bank sediment
concentrations of metals betw een the two studies are attributed  to the 
variability  in concentration at different points in the reservoir, as well as 
different m ethods of analysis. W oessner et al. (1984) note that m etal 
concentration tends to increase significantly w ith depth. This is particularly  
relevant in this study  because of the erosive action of the ice jam. It is likely 
that high concentrations of the G roup I metals were exposed by the 
m ovem ent of the ice th rough  the reservoir.
Below M illtow n Dam, concentrations of G roup I elem ents increase 
sharply. If the reservoir acts as a sink for contam inant-rich sedim ent, the 
concentration of contam inants above the reservoir should  be higher than the 
concentration of contam inants below the dam . In addition, the Blackfoot 
River, w hich contains m uch low er concentrations of the G roup I elem ents 
joins the C lark Fork at M illtown Reservoir. The average concentrations of 
G roup I elem ents in the Blackfoot River are 70-10% of the average 
concentrations of those elem ents at Turah Bridge above the reservoir. The 
concentrations of the G roup I elem ents below  M illtown Reservoir should  
therefore be lower as a result of d ilu tion  mixing. This is not the case, 
how ever, in the sedim ent carried by the February ice jam. Rather, the 
concentrations of the G roup I elem ents are higher below  the dam  than above 
in the C lark Fork River.
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The high concentrations of G roup I elem ents below  M illtow n 
Reservoir, despite the input of the cleaner Blackfoot River sedim ent, suggest 
that the source of the increase in concentration is M illtown Reservoir. This 
cannot be calculated directly using the mixing of sedim ent loads of the two 
rivers because, due to budget cuts, the USGS was unable to m easure the total 
suspended  sedim ent of the Blackfoot River in February of 1996. This 
hypothesis can be tested, how ever, by using a mixing equation to calculate the 
sedim ent load of the Blackfoot River. If the mixing of the two rivers was 
conservative, the m ixing equation should result in the sam e calculated 
sedim ent load for the Blackfoot regardless of which elem ent is used in the 
equation. The m ixing equation proposed by Faure (1991) for a conservative 
elem ent contained in the sedim ent of tw o rivers is
Fa= (Cc-Cb)/C^C3)
w here F^ = the fraction of sedim ent contributed by the Blackfoot, = the 
concentration of the elem ent below  the confluence, Cg = the concentration of 
the elem ent in the C lark Fork, and  = the concentration of the elem ent in 
the B lackfoot This form ula was em ployed to calculate the sedim ent 
contribu tion  of the Blackfoot using the know n concentrations of Al, Ca, Co, 
Fe, N a, and Ti (Table 2). These elem ents w ere chosen because they do not 
d isp lay  peaks below  M illtown Reservoir, and it is therefore unlikely that the
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reservoir was contributing to the concentration of these elem ents, and 
because the concentrations of these elem ents in the two rivers are 
substantially  different, so that noticeable dilution w ould be expected.
Table 2: C ontribution of the Blackfoot River to total sedim ent load below 
M illtown Dam (calculated using Faure's mixing equation)
E l e m e n t Calculated Sed im en t  
C o n t r ib u t io n
Al 42%
Ca 19%
Co 31%
Fe 20%
N a 43%
Ti 25%
The poor agreem ent betw een the values calculated for the sedim ent 
load of the Blackfoot suggests that the mixing of the two rivers w as not 
conservative. This m ay result from either geochemical reactions or a physical 
add ition  of sedim ent by the reservoir to the total sedim ent load. A ccording to 
USGS (1996), the C lark Fork and Blackfoot Rivers had a pH  of 7.8 during  the 
ice jam. Because the above elem ents are fairly unreactive over short 
distances and periods of time at neutral pH , it is more likely that M illtown 
Reservoir w as acting as a source of contam inated sedim ent w hich w as 
responsible for the unconservative m ixing of the two rivers.
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The quantity  of contam inated sedim ent being contributed by M illtown 
Reservoir can be estim ated using the concentrations of G roup I elem ents in 
the C lark Fork and Blackfoot and the suspended sedim ent load of each river.
The suspended sedim ent load of each river is calculated using the 
formul a
Q X TSS = sedim ent load of river (m g/s)
w here Q = discharge (1/s), TSS = total suspended sedim ent (mg/1). Discharge 
and TSS of the Clark Fork River and discharge of the Blackfoot River are 
know n from data collected at USGS gaging stations in February 1996 (USGS, 
1996). As previously stated, TSS of the Blackfoot River was not recorded at 
that time due to USGS budget cuts bu t can be estim ated using discharge and 
suspended  sedim ent data from the M arch 1989 ice jam  on the Blackfoot River 
(Figure 9).
From the best fit line through these points, TSS = 0.00103Q-9.650. 
Therefore, TSS from February 8-11, 1996 at an average discharge of 81,400 1/s = 
74.2 m g/1. At the 95% confidence level, this value has a high of 105 m g/1 and 
a low of 43.4 mg/1. Using this value and the average discharge and TSS of the 
C lark Fork River at Turah Bridge from February 8-11, the sedim ent load 
contributed  by the two rivers can then be calculated:
Sedim ent loadgiackfoot = (74.2 mg/l)(81,400 1/s) = 6.04 xlO* m g / s
Sedim ent load^i^k Fork= (431 m g/I) (225,000 1/s) = 96.9 x 10  ̂m g /s
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Figure 9: Suspended sedim ent versus discharge (with 95% confidence interval) 
on the Blackfoot River during the ice jam of M arch 1989
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The Blackfoot River should therefore be contributing approxim ately  
5.9±2.5% of the total sedim ent load below the confluence of the rivers, and 
the Clark Fork should be contributing approxim ately 94.1% of the total 
sedim ent load. Using these percentages, the concentration of As below  the 
confluence of the rivers can be estim ated w ith  the form ula
0.059[As]bfr + 0.941 [As](-pr = 35.8 ppm ,
w here [As]gpR is the concentration of As in the Blackfoot, and [AsĴ -pR is the 
concentration of As in the Clark Fork. The m ean concentration of As 
observed from kilom eter 586.6 to 583.1 below M illtown Dam following the ice 
jam w as 115 ppm , suggesting that the reservoir was providing 69% of the total 
As concentration found below  the confluence of the rivers (Table 3).
Table 3: Calculated versus observed concentrations (ppm) of G roup I elem ents 
below  the confluence of the Blackfoot and Clark Fork Rivers
E l e m e n t Calcula ted O bserved  
(standard deviation)
R e s e r v o i r
C o n t r ib u t io n
As 35.8 ±0.2 115 (36) 69%
Cd 2.7 ±0.01 5.5 (1.4) 51%
C u 262 ± 0.5 775 (228) 66%
Pb 58.3 ± 0.4 92 (19) 37%
S 713 ± 13 2720 (498) 74%
Z n 663 ± 1.1 1470 (324) 55%
U sing even this conservative estim ate for the dilu tion of the G roup I 
elem ents by the Blackfoot River input to the sedim ent load, the reservoir 
m ust contribute substantial quantities of each contam inant to the total
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sed im ent load in order to arrive at the concentrations found below  M illtow n 
Dam. It is probable that the Blackfoot River was contributing m ore sedim ent 
than  this estim ated am ount, and therefore the G roup I elem ents w ere further 
d ilu ted  before they entered the reservoir. The reservoir w ould therefore 
have to contribute even larger quantities of these contam inants to the 
sedim ent load.
Below M illtown Dam at kilom eter 586.8, one sam pling site has a 
relatively low er concentration of the G roup I elem ents w hen com pared to the 
o ther sites just below the dam . This is m ost likely a result of the incom plete 
m ixing of the Blackfoot and Clark Fork sedim ents at this point. The sam pling 
site is located on the north  bank of the Clark Fork (Figure 10) w here 
concentrations of the G roup I elem ents could be strongly influenced by the 
influx of clean Blackfoot sedim ent. Com plete m ixing of w ater in rivers on 
the scale of 5-15m w ide is reported to occur w ithin approxim ately 25 channel 
w id ths (G audet and Roy, 1995; Axtmann, 1997), and com plete m ixing of bed 
sedim ents has been reported to occur w ithin 100m of the confluence 
(Johnsson et al., 1991). D ow nstream , the sam ple at river kilom eter 586.6 on 
the sou thern  bank of the Clark Fork, w here sedim ent concentrations are 
m ore likely to be influenced by the Clark Fork sedim ent, displays peaks in the 
concentrations of all of the G roup I elements.
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Figure 10: Sampling sites within the mixing zone of the Clark Fork and 
Blackfoot Rivers
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There is a decrease in the concentrations of all of the G roup I elem ents 
over the rem ainder of the sites dow nstream  of the peaks at kilom eter 583.1. 
This decrease in concentration is likely the result of m ixing w ith cleaner 
sedim ent scoured from  the banks.
The elem ents in G roup II display a generalized dow nstream  decrease in 
concentration over the length of the study  area. The elem ents w ithin  this 
group  are not, for the m ost part, associated w ith the m ining activity at Butte, 
bu t rather occur naturally  w ithin geologic form ations of the drainage basin.
Fe, Al, Mn, and Sr are m inim ally associated w ith the ore m ined at Butte 
(W eed, 1912; M eyer et al., 1968), bu t because they are not highly enriched over 
background concentrations (Andrews, 1987; Savka, 1988), they are categorized 
w ith  the G roup II elements.
The com parison of the concentrations of the G roup II elem ents at Gold 
Creek, Bearm outh, and Turah Bridge following the ice jam  w ith typical 
February-M arch concentrations at these sites is som ew hat inconclusive (Table 
4). At Gold Creek, the typical values of all of the G roup II elem ents w ith  the 
exception of Sr are indistinguishable from  those following the ice jam. At 
Bearm outh, the concentrations of Al, Fe, and Sr following the ice jam are 
low er than  usual, and  at Turah Bridge, the concentrations of Al, Fe, Mn, and 
Sr are low er than the typical values at this site. The concentrations of Co and
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Na betw een 1992 and 1996 were unavailable for com parison. Few of the 
variations in concentration before and after the ice jam are consistent or large
Table 4: M ean concentrations (standard deviation) in ppm  of G roup II
elem ents in sedim ent collected in February and M arch 1992-95 and 
February 1996
G o l d C r e e k B e a r m o u t h T u r a h B r id g e
1 9 9 2 -9 5 1996 1992-95 1996 1 9 9 2 -9 5 1996
Al 10042 ( 1797) 9390 ( 1707) 8610 (533) 5 7 9 0 (858) 8926 ( 1345) 6282 ( 1192)
Fe 16508 ( 1986) 18517 ( 1919) 16379 (871) 12435 (2173) 16109 ( 1604) 12553 ( 1485)
M n 2206 (510) 1586 ( 138) 1807 (174) 1197 (614) 1821 (309) 1079 (290)
N i 13.2 ( 1.4 ) 13.7 ( 1.3 ) 11.6 (0 .7) 11.2 ( 1.0) 11.7 (0 .9 ) 11.1 ( 1 .4 )
Sr 83 (9 ) 62 (5 .3 ) 72.5 (5 ) 46.4 ( 1.7) 77.7 (9 .8 ) 38.7 ( 5.8 )
Ti 256 (32) 302 (38) 207 (13) 177 (23) 212 (21) 208 ( 18)
enough  to draw  conclusions regarding their causes. The concentrations of Al 
and  Fe are depressed below their typical values at both Bearm outh and Turah 
Bridge, and  the concentration of Sr is depressed at all three sites below its 
typical concentration. As in G roup 1, these departures from the norm  are 
m ost likely due to the addition  of cleaner bank sedim ent to sedim ents rich in 
these three m etals as a result of the m ovem ent of the ice. All three m etals are 
som ew hat associated w ith  the m ining in Butte, and  w ould therefore be 
d ilu ted  to a certain extent by the addition of clean sedim ent (Weed, 1912; 
M eyer et al., 1968).
40
The elem ents in G roup II do not display peaks in concentration in 
M illtow n Reservoir. The concentrations of these elem ents at Turah Bridge 
above the reservoir are roughly equal to their concentrations in the reservoir. 
Again, because the G roup II elem ents are not considered contam inants and 
because their source is not the m ining activity at Butte, it w ould not be 
expected that the reservoir w ould contain sedim ents enriched in these 
e lem en ts.
Below M illtown Dam there are no peaks in concentration of the G roup 
II elem ents such as those seen in G roup I. Because the origin of these 
elem ents is not a single upstream  source bu t rather geologic form ations, an 
ice jam  w ould  be unlikely to result in high concentrations below  the 
reservoir. Rather, the generalized decrease in concentration seen above the 
reservoir continues for the rem aining sam pling sites.
The concentrations of Ca and Mg display none of the trends recognized 
in any of the other elem ents. The concentrations of these two elem ents is 
m ost likely controlled by bedrock geology rather than m ining activity at Butte. 
The M adison lim estone outcrops near the Clark Fork River and this 
form ation has been used for road construction in the area. It is therefore 
likely that the concentration of Ca in the Clark Fork is a result of natural 
geologic occurrence and the use of the M adison lim estone near the river 
rather than  m ining activity. Because the concentration of Mg closely parallels
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the concentration of Ca over m uch of the study area, it is likely that the 
source of these two elem ents in the river is the same.
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Conclusions
The February 1996 ice jam had several interesting effects on the 
concentrations of contam inants in the Clark Fork River. Between 
B earm outh and Turah Bridge above the reservoir, the concentrations of the 
G roup I elem ents w ere reduced. This effect w as som ew hat unexpected given 
the fact that a great deal of sedim ent was transported dow nstream  by the ice.
It w as originally hypothesized that this w ould result in the dow nstream  
increase of concentrations of the contam inants by the transport of bed 
sedim ents w ith  higher concentrations from upstream . The origin of the 
sedim ent appears to have been a m ixture of contam inated bed sedim ent w ith  
larger quantities of uncontam inated bank sedim ent eroded by the m ovem ent 
of the ice. The erosive character of the ice jam thereby resulted in the 
d ilu tion of contam inants dow nstream . If this trend had occurred over the 
length of the study  area, ice jams on the Clark Fork w ould be a natural m eans 
of contam inant d ilu tion  in floodplain and channel m argin sedim ent. 
U nfortunately , the presence of M illtown Dam on the river p revented  this 
from  occurring.
The ice jam  eroded  large quantities of sedim ent from  M illtown 
Reservoir, transported  it dow nstream , and deposited it on channel m argins, 
low terraces, and the floodplain. The dam  has previously been considered 
capable of containing the accum ulated sedim ents during  all bu t the rarest of
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runoff events. Ice jams, how ever, are fairly com m on on the Clark Fork 
River. D uring the past century they have occurred an average of every ten 
years. The ice jam of February 1996 proves that the dam  is not an effective 
barrier for the prevention of rem obilization of contam inated sedim ents, bu t 
in fact allows M illtown Reservoir to act as a secondary source of m etal 
co n tam in an ts.
The rem obilization of metals out of the reservoir in February 1996 had  
a devastating  effect on the trout population in the Clark Fork. Between June 
1995 and June 1996, the populations of rainbow  trout in the Clark Fork River 
below  M illtown Dam dropped an estim ated 62% and the populations of 
juvenile rainbow  trout in this stretch of the river d ropped  approxim ately 71% 
(W orkm an and Berg, 1996). A drop in population of this scale is extrem ely 
uncom m on in any of the large M ontana Rivers, and is attributed by fisheries 
biologists to the high concentrations of metals in the Clark Fork resulting 
from  the ice jam  (W orkman and Berg, 1996).
Future ice jams on the Clark River will continue to have serious 
im plications for w ater quality and river biota until M illtown Reservoir is 
rem ediated. It is som ew hat ironic that the presence of M illtown Dam on the 
river is responsible not only for the accum ulation and subsequent d isastrous 
rem obilization of contam inants, bu t also m ost likely for the ice jam  itself.
H ad  M illtow n Dam  not im peded the progress of the ice as it m oved dow n the
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Blackfoot and Clark Fork Rivers, the ice jam and resultant floods w ould not 
have occurred. Further study of the occurrence of ice jam s on the C lark Fork 
is necessary before a functional plan for rem ediation of M illtow n Reservoir 
can be im plem ented. W ithout a solid understanding  of ice jam s on the C lark 
Fork, no plan will be able to prevent a reoccurrence of the effects of the 1996 
ice jam.
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M ethods
S iev ing  Procedure
Sam ples w ere dry  sieved using 15 cm diam eter polyester sieves w ith 
stainless steel mesh. Five sieves were used, including m esh sizes 2 m m , 500 
pm , 250 pm, 125 pm , and 63 pm. A bottom  tray was used to collect sedim ent 
of < 63 pm. Several gram s of sedim ent were added to the top of the sieves 
and  shaken m anually  for several m inutes. Care was taken to ensure that 
each sam ple w as shaken both vertically and horizontally. Size fractions of 
sedim ent w ere collected by overturning each sieve onto a clean sheet of paper 
and tapping  the sieve flat on the bench. A toothbrush was used to gently 
b ru sh  the back of each sieve to remove any sedim ent which rem ained in the 
m esh after tapping. Each size fraction except the fraction > 2 m m  was retained 
in a clean vial labeled w ith sam ple nam e and grain size.
Between each sam ple, the sieves w ere rinsed w ith lukew arm  w ater and 
gently  cleaned w ith a toothbrush to remove any rem aining grains of 
sedim ent. Sieves w ere then rinsed w ith deionized w ater and partially  blow n 
d ry  w ith  com pressed air. The sieves were placed in an oven at 65° C until 
com pletely d ry  (approxim ately 2.5 hours) prior to next use.
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M icrowave  Aqua  Regia Digest Procedure
Sam ples of sedim ent were w eighed into tared, num bered  120 ml 
Teflon digestion vessels (Savillex Corp. #578) in groups of seven or eight. 
A pproxim ately 0.5 gram s of sample were added to each digestion vessel, and 
the actual w eight w as recorded to the ten-thousandth of a gram.
After each group of seven or eight sam ples w as w eighed, 0.5 ml of 
Milli-Q w ater w as added  to each digestion vessel. The vessels were sw irled 
and tapped  to ensure even w etting of the sam ple and then left loosely capped 
for 30 m inutes.
A qua regia, consisting of 3.75 ml of trace metal grade hydrochloric acid 
and 1.25 ml of trace m etal grade nitric acid w as added to each digestion vessel. 
The vessels w ere sw irled and tapped to ensure even w etting, and the caps of 
the vessels w ere threaded onto the vessels bu t not tightened. The vessels 
w ere then left for a pre-digestion period of one hour.
Following the pre-digestion period, the caps on the digestion vessels 
w ere tightened using plastic wrenches supplied by Savillex Corp. Pressure 
relief tops w ere then tightened by hand approxim ately 1 /4  tu rn  after initial 
contact, w ith  care taken not to over or under-tighten them. If the pressure 
relief tops w ere not tightened properly or were not seated sm oothly, sam ple 
venting, w hich could result in loss of some of the sam ple digest, could occur 
d u rin g  digestion.
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The batch of seven or eight digestion vessels w as placed in a cake 
keeper (a sealed plastic container) seated on a m icrowave turntable. Plastic 
vent tubes w ere inserted into the pressure relief openings. The free end of 
the vent tubes w ere im m ersed in vials containing an indicator solution 
consisting of 5 drops 0.5M N aO H  in 250 ml H^O and several drops of 
phenolphthalein . The vials containing indicator solution w ere used to detect 
venting during  digestion. If venting occurred through the pressure relief cap, 
the indicator solution in the vial associated w ith  the vented vessel w ould  
tu rn  clear. If venting w as severe, it could also occur through  the threads on 
the cap, in w hich case all of the vials w ould lighten, bu t not tu rn  entirely 
clear. The vials w ith  indicator solution w ere placed in a beaker half full of 
w ater centered in the cake keeper.
The cake keeper w ith digestion vessels and indicator vials w as placed 
on the m icrow ave turntable and then centered in the m icrow ave oven. A 
250 ml plastic bottle filled w ith cold tap w ater w as placed in each corner of the 
m icrow ave, w ith care taken to ensure that the turntable could still operate. 
The sam ples w ere then m icrow aved on high pow er (approxim ately 570 watts) 
for six m inutes.
V enting of digestion vessels resulted in a chlorine smell w hich w as 
app aren t w hen  the oven w as opened. W hen the six-m inute m icrow aving 
period w as com pleted, the cake keeper w as taken to a fum e hood and opened.
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Indicator vials w ere quickly examined to determ ine w hich sam ples, if any, 
had  vented. Sealed vessels w ere placed in ice to cool for a period of at least 30 
m in u tes .
Pressure tops on the vessels w ere then opened in a fum e hood w ith  the 
pressure release opening pointed into the hood. Properly sealed vessels All 
vessels displayed a release of pressure upon opening. Caps of the vessels were 
loosened w ith  the plastic wrenches and the contents of the vessels were 
rinsed into 50 ml centrifuge tubes which were num bered and pre-w eighed 
(w ithout cap). The cap and vessel were rinsed at least three tim es w ith Milli- 
Q w ater in o rder to achieve quantitative transfer.
Centrifuge tubes were brought to a total w eight of 50 gram s using Milli- 
Q w ater. D uring w eighing, the centrifuge tubes were held up righ t on the 
balance using a tared styrofoam  block. Actual weights of the tube plus 
solution w ere recorded to the ten-thousandths of a gram.
Centrifuge tubes w ere capped and centrifuged at 2500 rpm  for 5 
m inutes to clarify the digest. Each solute was then transferred to a 60 ml 
polyethylene storage bottle labeled w ith the original sam ple nam e.
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Q u a l i ty  A ssurance
Each batch of 7-8 sam ples w hich was digested included both a m ethod 
blank and a duplicate sample. M ethod blanks consisted of m icrow ave aqua- 
regia digests prepared  in the same m anner as described above w ith  the 
exclusion of the 0.5 g of sedim ent. Duplicate sam ples w ere either one of 
three sam ples from  the upper, m iddle, or lower Clark Fork River sam pling 
area or a sam ple of USGS Standard Reference Sample Sed 2 (Sediment). By 
using blanks, duplicates, and a reference sam ple analyzed by external 
laboratories, a m easure of both precision and accuracy could be m ade.
A total of 21 m ethod blanks were analyzed during  the course of the 
analysis of the sedim ent digests. All elem ents in the m ethod blanks w ere 
found to be below  instrum ent detection lim its (calculated using the form ula 
IDL = 3Sg, w here the previously determ ined quantity  Sg is the standard  
deviation of an instrum ent blank analyzed ten times) except Al, Ca, Fe, Mg, 
and Zn (Table A l). H ow ever, the concentrations of these elem ents found in 
the m ethod blanks are insignificant w hen com pared to the low est values of 
Al, Ca, Fe, Mg, and Zn (20.8, 91.8, 60.1, 20.0, and 0.26 respectively) found in the 
sed im ent digests.
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Table A l: M ean and standard  deviation (ppm) of m ethod blanks com pared 
w ith  previously  determ ined instrum ent detection lim its (ppm )
E le m e n t IDL M e a n Standard  D e v ia t io n
Al 0.02 0.02 0.03
As 0.02 0.01 0.004
Ca 0.01 0.02 0.02
Cd 0.002 0.00 0.001
Co 0.004 0.00 0.001
Cu 0.003 0.00 0.003
Fe 0.01 0.02 0.03
M? 0.01 0.01 0.02
Mn 0.001 0.00 0.001
Na 0.10 0.00 0.03
Ni 0.01 0.00 0.001
Pb 0.05 0.00 0.01
S 0.03 0.03 0.13
Sr 0.01 0.002 0.004
Ti 0.001 0.00 0.001
Zn 0.001 0.01 0.02
D uplicate analyses were perform ed on three sam ples chosen from the 
u pper, m iddle, and lower portions of the sam pling area on the Clark Fork 
River. The sam ples for duplicate analysis w ere chosen prior to any analysis 
and  w ere chosen only on the basis that they be from  three distinct sections of 
the sam pling area. These sam ples w ere separately analyzed five tim es each. 
The results of these analyses show that the concentrations of all of the 
elem ents are w ith in  5% of the m ean concentration detected for each replicate 
set, w ith  the exceptions of Al, Fe, Mg, Na, Ni, and Ti. The concentrations of 
Fe, Mg, and Ni are w ithin  10% of the m ean concentration, and the
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concentrations of Al, Na, and Ti are 13%, 14%, and 11% different 
(respectively) from  the m ean concentration detected for each replicate set 
(Table A2).
The analysis of USGS Reference Sample Sed 2 (Sediment) w as used as a 
m easure of the accuracy of the entire process used in preparing, digesting and 
analyzing sedim ent samples. The M urdock Analytical Laboratory at the 
U niversity of M ontana, in which all of the laboratory w ork for this s tudy  was 
perform ed, retains several vials of USGS Reference Sample Sed 2 for this 
purpose. In past studies, however, it has been noted that the indiv idual vials 
of reference sedim ent do not yield the same results w hen analyzed (e.g. vial 2- 
C yields different concentrations from vial 2-D) (Helgen, 1996). The vial used 
for all of the analyses in this study was USGS Standard Reference Sample Sed 
2-D.
In order to detect possible addition or retention of m etals by the sieves, 
both  sieved and unsieved sam ples of Sed 2-D w ere analyzed. A pproxim ately 
5 gram s of Sed 2-D were sieved using the same procedure as described above. 
Follow ing sieving, sedim ent from all of the sieve sizes w as retained in a vial 
and  splits of this sam ple w ere used for analysis.
Six sam ples of sieved Sed 2-D and seven sam ples of unsieved Sed 2-D 
w ere analyzed. At the 95% confidence level, there w as no statistical difference 
betw een the m eans of sieved and unsieved Sed 2-D concentrations
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Table A2: M ean and standard deviation (ppm) of duplicate analyses
(n=5) perform ed on sam ples from the upper, m iddle, and
and low er Clark Fork River
i
Al As Ca Cd Co Cu Fe Mg
Sample 1 1
Mean 5937 58.0 17070 3.6 6.0 429 11550 4250
SD 1260 3.6 407 0.3 0.3 26 1530 1 452
!
f
Sample 2
Mean 8225 117 18830 5.0 8.3 853 17700 5100
SD 1591 2.6 404 0.3 0.4 23 2020 557
Sample 3
Mean 7040 48.8 18130 3.1 7.2 341 13500 5710
SD 680 1.2 200 0.2 0.2 8.1 823 269
■
Mn Na Ni Pb Sr Ti Zn
Sample 1
Mean 663 64 1 9.3 63.3 42.1 219 914
SD 26 15 1.1 2.5 1.0 41 34
Sample 2
Mean 2355 88.9 12.5 130 69.2 304 1028
SD 56 16.1 0.9 5.6 2.7 46.5 18.4 1
i
Sample 3
Mean 1241 80.5 11.4 74 49.8 220.0 819 1
SD 20 13.2 0.4 2 1.0 15.7 15 !
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determ ined  for Al, Co, Fe, Mg, Na, Ni, S, Sr, and Ti. The unsieved 
concentrations of Ca, Mn, Pb, and Zn were at m ost 5% greater than the sieved 
concentrations at the 95% confidence level; the concentration of unsieved As 
w as 9% greater than  the sieved concentration at the 95% confidence level; 
unsieved C d concentration was 9% greater than the sieved concentration at 
the 95% confidence level; and the unsieved Cu concentration w as 8% greater 
than  the sieved concentration of Cu at the 95% confidence level (Table A3).
There are several possible reasons for the unsieved sam ples to have 
slightly h igher concentrations of these elem ents than the sieved sam ples.
The first explanation is that the sieves w ere retaining a small percentage of 
the m etals, so that the sieved concentrations w ould be subsequently lower. A 
second possibility is that the vial of USGS Sed 2-D w as not entirely 
hom ogeneous. The portions of Sed 2-D used for the sieved and unsieved 
analyses w ere rem oved from the vial at intervals of several weeks. It is 
possible that in the interim  the vial of Sed 2-D w as shaken or further mixed. 
G iven the heterogeneity betw een different vials of USGS Sed-2 w ithin  the lab, 
it is no t unlikely that heterogeneities exist w ithin  a single vial. The final, and 
m ost likely, explanation is that m etals w ere lost during  the sieving procedure. 
D uring  m anual shaking of the sieves, some dust was released from the 
sieves. Because m etals tend to be m ost concentrated in the sm allest grain 
sizes due to the high surface area to volum e ratio (Schoer et al., 1982;
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Table A3: M ean concentrations and standard deviations (ppm) of sieved
and unsieved USGS Standard Sedim ent 2D samples
1
Sieved Sed 2 0  (n=6) U nsieved Sed 2D (n=7) j
M ean Std Dev M ean Std Dev j
Al 5170 553 6040 737
As 174 17.5 219 8.9 Î
Ca 15300 1150 17300 601
Cd 9.2 0.8 11.3 0.3
Co 8.7 0.7 9.7 0.9
Cu 1230 117 1500 41.4
Fe 19100 1281 20700 1513
Mg 4160 367 4620 433
M n 1220 101 1430 35.4
Na 108 9.0 118 10.9
N i 9.5 0.9 10,6 0.9
Pb 164 12.1 192 10.5
S 8350 992 8990 687 1
Sr 41.7 I 4.0 47.3 4.1
Ti 364 45.7 400 52.2
Zn 1620 115
-----------------------
1870
______________________________________
44.3 1
1 - ................................. -  ■
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A ndrew s, 1987; M oore et al., 1989), it is possible that a small percentage of the 
m etals w ere lost w ith  the dust released from  the sieves. The higher 
concentrations of As, Ca, Cd, Cu, Mn, Pb, and Zn in the unsieved sam ples of 
Sed 2-D are m ost likely a result of a com bination of the second and th ird  
explanations.
As a m easure of accuracy of the laboratory m ethod, the results of the 
analysis of the sieved and unsieved Sed 2-D sam ples can be com pared to the 
results of the analysis of Reference Sed 2 perform ed by the USGS. Using 
S tuden t's  t-test at the 95% confidence level, the concentrations of Al, Ca, Co, 
Fe, Ni, and Sr are consistent w ith the concentrations reported by USGS. At 
the 95% confidence level the concentrations of Cd, Cu, Mg, Mn, and Pb 
display less than  5% difference from the concentrations reported by USGS for 
those elem ents, and As and Zn concentrations display less than  7% difference 
from  the concentrations reported by USGS. The concentration of N a found in 
this analysis is 16% lower than the concentration reported by USGS for 
Reference Sed 2 (Table A4).
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Table A4: M ean concentrations and  standard  deviations (ppm) of
Sed 2D reported by USGS com pared w ith averaged
sieved and unsieved concentrations of Sed 2D
(n= # of analyses perform ed)
USGS Standard Sieved and Unsieved
Sed 20 Sed 2 0  (n=13)
Mean Std Dev n Mean Std Oev
Al 8800 2300 11 5640 778
As 144 33 8 198 27
Ca 17000 1700 10 16400 1350
Cd 8.3 1.6 13 10.3 1.2
Co 9.0 2.7 7 9.2 0.9
Cu 1100 200 12 1380 163
Fe 22800 4800 10 19900 1590
Mg 5200 500 11 4410 457
Mn 1500 100 11 1340 131
Na 220 100 9 114 10.8
Ni 10.8 2.0 9 10.1 1.1
Pb 149 24 13 179 18.4
S - - - 8700 872
Sr 50 13 6 44.7 4.9
Ti - - - 384 50.9
Zn 1500 100 12 1760 150
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Appendix B 
I CAPES Data
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s
River Mlle Sample Name Sample wt (g) Vial Wt (g) Vial+DIgest (g) Wt Solution (g) Dilution Factor
4 5 5 . 3 J31x 0 3 1 5 9 6 0 . 4 9 9 9 1 3 .2 2 8 7 6 3 . 5 6 1 9 5 0 . 3 3 3 2 1 0 0 . 6 8 6 5
4 5 5 . 3 J31y  0 3 1 5 9 6 0 . 4 9 9 7 1 3 . 3 6 4 4 6 3 . 3 6 0 0 4 9 . 9 9 5 6 1 0 0 . 0 5 1 2
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 0 . 4 9 9 8 1 3 .3 2 5 9 6 3 . 3 6 7 9 5 0 . 0 4 2 0 1 0 0 . 1 2 4 0
451 .1 J 3 0 x 0 3 1 5 9 6 0 .5 0 0 1 1 3 .1 7 9 5 6 3 . 2 3 9 9 5 0 . 0 6 0 4 1 0 0 . 1 0 0 8
451 .1 J30y  0 3 1 5 9 6 0 .5 0 0 1 1 3 .1 8 7 6 6 3 . 1 7 7 8 4 9 . 9 9 0 2 9 9 . 9 6 0 4
451.1 J 3 0 z  0 3 1 5 9 6  7 / 2 3 / 9 6 0 . 4 9 9 7 1 3 .3 8 5 2 6 3 . 3 8 9 5 5 0 . 0 0 4 3 1 0 0 . 0 6 8 6
4 4 4 . 5 J 2 9 x 0 3 1 5 9 6 0 . 4 9 9 7 1 3 .4 5 4 9 6 3 . 4 6 7 2 5 0 . 0 1 2 3 1 0 0 . 0 8 4 7
4 4 4 . 5 J29y  0 3 1 5 9 6 0 . 4 9 9 7 1 3 .4 1 4 7 6 3 . 5 1 4 3 5 0 . 0 9 9 6 1 0 0 . 2 5 9 4
4 4 4 . 5 J29z  0 3 1 5 9 6 0 . 5 0 0 2 1 3 .3 3 1 5 6 3 . 5 6 3 2 5 0 . 2 3 1 7 1 0 0 . 4 2 3 2
4 4 3 . 3 J 2 8 x 0 3 1 5 9 6 0 .5 0 0 1 1 3 .3 9 1 3 6 3 . 4 4 0 0 5 0 . 0 4 8 7 1 0 0 . 0 7 7 4
4 4 3 . 3 J28y  0 3 1 5 9 6 0 . 5 0 0 8 1 3 .3 2 1 3 6 3 . 4 2 5 7 5 0 . 1 0 4 4 1 0 0 . 0 4 8 7
4 4 3 . 3 J28z  0 3 1 5 9 6 0 . 4 9 9 9 1 3 .1 9 9 7 6 3 . 4 2 4 0 5 0 . 2 2 4 3 1 0 0 .4 6 8 7
434 .1 J27x 0 3 1 5 9 6 0 .5001 1 3 . 3 6 5 8 6 3 . 4 0 2 4 5 0 . 0 3 6 6 1 0 0 . 0 5 3 2
434 .1 J27y  0 3 1 5 9 6 0 . 5 0 0 5 1 3 . 3 5 8 6 6 3 . 4 1 3 8 5 0 . 0 5 5 2 1 0 0 . 0 1 0 4
434 .1 J 2 7 z 0 3 1 5 9 6 0 .5001 1 3 . 1 5 5 4 6 3 . 2 9 9 4 5 0 . 1 4 4 0 1 0 0 . 2 6 7 9
429 .1 J 2 6 x 0 3 1 5 9 6 0 . 5 0 0 5 1 3 .3 0 6 5 6 3 .3311 5 0 . 0 2 4 6 9 9 . 9 4 9 3
429 .1 J 2 6 y 0 3 1 5 9 6 0 .5 0 0 1 1 3 .4 9 1 9 6 3 . 4 8 3 3 4 9 . 9 9 1 4 9 9 . 9 6 2 8
4 29 .1 J 2 6 z 0 3 1 5 9 6 0 . 5 0 0 4 1 3 .2 5 6 2 63 .2 7 5 1 5 0 . 0 1 8 9 9 9 . 9 5 7 8
4 1 6 . 8 J 2 5 x 0 3 1 5 9 6 0 . 5 0 0 7 1 3 .1 9 7 0 6 3 . 2 7 1 9 5 0 . 0 7 4 9 1 0 0 . 0 0 9 8
4 1 6 . 8 J25y  0 3 1 5 9 6 0 . 5 0 0 4 1 3 .2 9 2 5 6 3 . 2 8 5 9 4 9 . 9 9 3 4 9 9 . 9 0 6 9
4 1 6 . 8 J 2 5 z 0 3 1 5 9 6 0 . 4 9 9 8 1 3 .3 8 3 2 6 3 . 4 2 5 9 5 0 . 0 4 2 7 1 0 0 . 1 2 5 5
4 1 1 . 8 J24y  0 3 1 5 9 6 0 . 5 0 0 0 1 3 .2 9 2 6 6 3 . 2 7 4 8 4 9 . 9 8 2 2 9 9 . 9 6 4 4
4 1 1 . 8 J24z  0 3 1 5 9 6 0 . 5 0 0 0 1 3 .3 7 5 9 6 3 . 3 5 7 0 4 9 .9 8 1 1 9 9 . 9 6 2 2
4 1 1 . 8 J24x 0 3 1 5 9 6 0 . 5 0 0 5 1 2 .8 1 0 6 6 2 . 7 4 2 9 4 9 . 9 3 2 3 9 9 . 7 6 4 8
4 0 2 . 6 J23x 0 3 1 5 9 6 0 . 5 0 0 3 1 3 .2 5 8 3 6 3 . 5 1 5 5 5 0 . 2 5 7 2 1 0 0 .4541
4 0 2 . 6 J23y  0 3 1 5 9 6 0 . 5 0 0 0 1 3 .2 7 1 2 6 3 . 2 9 7 7 5 0 . 0 2 6 5 1 0 0 . 0 5 3 0
4 0 2 . 6 J23z  0 3 1 5 9 6 0 .5001 13.3901 6 3 .4741 5 0 . 0 8 4 0 1 0 0 . 1 4 8 0
ON
3 9 6 . 6
3 9 6 . 6
J22x 0 3 1 5 9 6 0 .5001 1 3 . 3 4 7 6 6 3 . 3 7 7 5 5 0 . 0 2 9 9 1 0 0 . 0 3 9 8
9 978083J22y  0 3 1 5 9 6 0 . 5 0 0 8 ^ 3 . 2 6 3 4 6 3 . 2 4 7 4  ^ 4 9 . 9 8 4 0
3 9 6 . 6 J22z  0 3 1 5 9 6 0 . 4 9 9 7 1 3 .3 2 9 3 6 3 . 4 3 4 6 5 0 . 1 0 5 3 1 0 0 . 2 7 0 8
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 0 . 5 0 0 0 1 3 . 1 1 3 3 6 3 . 1 4 0 0 5 0 . 0 2 6 7 1 0 0 . 0 5 3 4
3 9 4 .6 J21y  0 3 1 5 9 6 0 . 4 9 9 8 1 3 . 3 4 8 2 6 3 . 8 0 1 2 5 0 . 4 5 3 0 1 0 0 . 9 4 6 4
3 9 4 . 6 J 21z  0 3 1 5 9 6 0 .5001 1 3 .3 1 5 7 6 3 . 4 5 5 6 5 0 . 1 3 9 9 1 0 0 . 2 5 9 7
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 0 . 5 0 0 3 1 3 . 3 2 8 4 6 3 . 5 1 9 7 5 0 . 1 9 1 3 1 0 0 . 3 2 2 4
3 8 8 . 4 J 2 0 y 0 3 1 5 9 6 0 . 5 0 0 4 1 3 . 2 5 2 4 6 3 . 3 0 2 0 5 0 . 0 4 9 6 1 0 0 . 0 1 9 2
3 8 8 . 4 J 20z  0 3 1 5 9 6 0 . 4 9 9 9 1 3 .3 7 7 2 6 3 . 4 0 8 4 5 0 . 0 3 1 2 1 0 0 . 0 8 2 4
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 0 . 5 0 0 6 1 3 . 2 7 6 8 6 3 .2761 4 9 . 9 9 9 3 9 9 . 8 7 8 7
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 0 . 5 0 0 2 1 3 .2 5 9 0 6 3 . 2 6 7 6 5 0 . 0 0 8 6 9 9 . 9 7 7 2
3 8 1 . 8 CFR/Rk Cr 2z  0 3 0 2 9 6 0 . 5 0 0 8 1 3 . 3 3 5 8 6 3 . 4 5 7 0 5 0 . 1 2 1 2 1 0 0 . 0 8 2 3
3 7 8 .9 1 x 0 3 0 2 9 6 0 . 5 0 0 6 1 3 . 2 9 4 4 6 3 . 4 6 1 3 5 0 . 1 6 6 9 1 0 0 . 2 1 3 5
3 7 8 .9 l y  0 3 0 2 9 6 0 . 4 9 9 5 1 3 . 3 6 1 6 6 3 .7471 5 0 . 3 8 5 5 1 0 0 . 8 7 1 9
3 7 8 . 9 I z  0 3 0 2 9 6  7 / 2 3 / 9 6 0 . 5 0 0 2 1 3 .2 8 3 5 6 3 . 3 1 3 8 5 0 . 0 3 0 3 1 0 0 . 0 2 0 6
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 0 . 5 0 0 0 1 3 . 3 9 1 4 6 3 . 4 2 3 6 5 0 . 0 3 2 2 1 0 0 . 0 6 4 4
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 0 .5001 1 3 . 3 5 2 8 6 3 . 4 5 3 7 5 0 . 1 0 0 9 1 0 0 . 1 8 1 8
3 7 0 . 4 TurFishAc. 3z  0 3 0 2 9 6 0 . 5 0 0 7 1 3 . 0 7 3 6 6 3 . 0 9 1 9 5 0 . 0 1 8 3 9 9 . 8 9 6 7
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 0 . 4 9 9 8 1 3 . 3 8 4 4 6 3 . 4 0 3 0 5 0 . 0 1 8 6 1 0 0 . 0 7 7 2
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 0 . 4 9 9 9 1 3 .3 3 0 9 6 3 . 3 3 5 3 5 0 . 0 0 4 4 1 0 0 . 0 2 8 8
3 6 5 . 8 Res. 4x 0 3 0 2 9 6 0 . 5 0 0 8 1 3 .3 0 2 9 6 3 . 3 8 5 0 5 0 .0821 1 0 0 . 0 0 4 2
3 6 5 .8 Res. 4y  0 3 0 2 9 6 0 . 5 0 0 8 1 3 .2 5 5 7 6 5 . 0 7 7 4 5 1 . 8 2 1 7 1 0 3 . 4 7 7 8
3 6 5 .8 Res. 4 z  0 3 0 2 9 6 0 . 5 0 0 5 1 3 .2 9 7 0 6 3 . 6 0 6 5 5 0 . 3 0 9 5 1 0 0 . 5 1 8 5
3 6 5 .6 CFR23U 0 3 1 5 9 6 0 . 5 0 0 3 1 3 .3 0 9 9 6 3 . 3 0 9 4 4 9 . 9 9 9 5 9 9 . 9 3 9 0
3 6 5 .6 CFR 2 3 v  0 3 1 5 9 6 0 . 5 0 0 8 1 3 . 4 0 1 4 6 3 . 5 4 0 2 5 0 . 1 3 8 8 1 0 0 . 1 1 7 4
3 6 5 . 6 C F R 2 3 w 0 3 1 5 9 6 0 . 5 0 0 9 1 3 .3 5 7 3 6 3 . 5 8 0 3 5 0 . 2 2 3 0 1 0 0 . 2 6 5 5
3 6 5 .6 CFR 2 3 x 0 3 1 5 9 6 0 . 4 9 9 8 1 3 .3 8 3 7 6 3 . 3 8 3 5 4 9 . 9 9 9 8 1 0 0 . 0 3 9 6
3 6 5 . 6 CFR 2 3 y  0 3 1 5 9 6 0 . 5 0 0 6 1 3 .3 8 3 0 6 3 .3871 50 .0041 9 9 . 8 8 8 3
3 6 5 .6 CFR 2 3 z  0 3 1 5 9 6 0 . 4 9 9 8 1 3 .3 7 2 4 6 3 . 4 0 5 7 5 0 . 0 3 3 3 1 0 0 . 1 0 6 6
O nK)
3 6 4 . 9 BFR 7v  0 3 0 8 9 6 0 . 5 0 0 0 1 3 . 2 2 7 0 6 3 . 5 6 8 7 5 0 . 3 4 1 7 1 0 0 . 6 8 3 4
3 6 4 . 9 BFR 7w  0 3 0 8 9 6 0 . 5 0 0 4 1 3 . 2 7 4 9 6 3 . 5 4 2 0 5 0 .2 6 7 1 1 0 0 . 4 5 3 8
3 6 4 . 9 BFR 7x 0 3 0 8 9 6 0 .5 0 0 1 1 3 . 2 5 1 4 6 3 .4 7 8 1 5 0 . 2 2 6 7 1 0 0 . 4 3 3 3
3 6 4 . 9 BFR 7y 0 3 0 8 9 6 0 . 5 0 0 4 1 3 . 1 7 5 0 6 3 . 1 5 2 5 4 9 . 9 7 7 5 9 9 . 8 7 5 1
3 6 4 . 9 BFR 7 z  0 3 0 8 9 6 0 . 5 0 0 8  ^ 1 3 . 3 4 1 3 6 4 . 3 0 0 0 5 0 . 9 5 8 7 1 0 1 . 7 5 4 6
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 0 . 5 0 0 5 1 3 . 2 5 2 2 6 3 . 2 6 8 5 5 0 . 0 1 6 3 9 9 . 9 3 2 7
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 0 . 5 0 0 0 1 3 . 3 7 3 7 6 3 . 3 4 5 8 4 9 . 9 7 2 1  ^ 9 9 . 9 4 4 2
3 6 4 . 6 CFR 5z  0 3 0 2 9 6 0 . 5 0 0 4 1 3 . 3 0 8 2 6 3 . 3 3 8 5 5 0 . 0 3 0 3 9 9 . 9 8 0 6
3 6 4 . 5 CFR 2 2 x 0 3 1 3 9 6 0 . 5 0 0 3 1 3 . 3 3 5 2 6 3 . 3 5 7 3 5 0 .0 2 2 1 9 9 . 9 8 4 2
3 6 4 . 5 CFR 2 2 y  0 3 1 3 9 6 0 . 5 0 0 7 1 3 . 3 5 3 8 6 3 . 5 0 6 2 5 0 . 1 5 2 4 1 0 0 . 1 6 4 6
3 6 4 . 5 CFR 2 2 z  0 1 1 3 9 6 0 . 5 0 0 0 1 3 . 3 5 0 6 ' 6 4 . 4 1 0 3 5 1 . 0 5 9 7 1 0 2 . 1 1 9 4
3 6 3 . 9 CFR 8x 0 3 0 8 9 6 0 . 5 0 0 0 1 3 . 4 9 2 0 6 3 . 6 4 4 5 5 0 . 1 5 2 5 1 0 0 . 3 0 5 0
3 6 3 . 9 CFR 8y  0 3 0 8 9 6 0 . 4 9 9 7 1 3 . 3 5 8 2 6 3 . 4 3 2 3 5 0 .0 7 4 1  ̂ 1 0 0 . 2 0 8 3
3 6 3 . 9 CFR 8 z  0 3 0 8 9 6 0 . 5 0 0 2 1 3 . 0 7 3 9 6 3 . 0 3 6 5 4 9 . 9 6 2 6 9 9 . 8 8 5 2
3 6 2 . 9 CFR 9x 0 3 0 8 9 6 0 . 5 0 0 2 1 3 . 3 0 5 2 6 3 . 3 9 6 2 5 0 . 0 9 1 0 1 0 0 . 1 4 1 9
3 6 2 . 9 CFR 9y 0 3 0 8 9 6 0 . 5 0 0 0 1 3 . 2 4 0 0 6 3 . 2 2 1 5 4 9 . 9 8 1 5 9 9 . 9 6 3 0
3 6 2 . 9 CFR 9z  0 3 0 8 9 6 0 . 5 0 0 5 1 3 . 3 8 7 9 6 3 . 4 5 6 8 5 0 . 0 6 8 9 1 0 0 . 0 3 7 8
3 6 2 . 3 6x 0 3 0 2 9 6 0 . 4 9 9 8 1 3 . 2 5 5 5 6 3 . 2 9 7 0 5 0 . 0 4 1 5 1 0 0 . 1 2 3 0
3 6 2 . 3 6y 0 3 0 2 9 6 0 . 4 9 9 8 1 3 . 2 3 8 9 6 3 . 4 7 0 9 5 0 . 2 3 2 0 1 0 0 . 5 0 4 2
3 6 2 . 3 6z  0 3 0 2 9 6 0 . 4 9 9 9 1 3 . 4 2 2 3 6 3 . 4 3 1 0 5 0 . 0 0 8 7 1 0 0 . 0 3 7 4
3 6 1 . 2 CFR 2 1 x 0 3 1 3 9 6 0 . 5 0 0 5 1 3 . 3 8 2 7 6 3 .5 3 6 1 5 0 . 1 5 3 4 1 0 0 . 2 0 6 6
3 6 1 . 2 CFR 2 1 y  0 3 1 3 9 6 0 . 4 9 9 9 1 3 . 2 7 5 2 6 3 . 2 6 6 2 4 9 . 9 9 1 0 1 0 0 . 0 0 2 0
3 6 1 . 2 CFR 2 1 z  0 3 1 3 9 6 0 . 5 0 1 0 1 3 . 2 5 2 3 6 3 .6 2 5 1 5 0 . 3 7 2 8 1 0 0 . 5 4 4 5
3 6 0 . 6 CFR 20x  0 3 1 3 9 6 0 . 4 9 9 7 1 3 . 3 8 4 6 6 3 . 4 6 0 6 5 0 . 0 7 6 0 1 0 0 .2 1 2 1
3 6 0 . 6 CFR 2 0 y  0 3 1 3 9 6 0 . 5 0 0 2 1 3 .2171 6 3 . 2 1 4 3 4 9 . 9 9 7 2 9 9 . 9 5 4 4
3 6 0 . 6 CFR 2 0 z  0 3 1 3 9 6 0 . 5 0 0 2 1 3 . 3 0 6 7 6 3 . 4 2 1 7 5 0 . 1 1 5 0 1 0 0 . 1 8 9 9
3 5 9 . 9 CFR lOx 0 3 0 8 9 6 0 . 5 0 0 7 1 3 . 1 9 8 2 6 3 . 1 8 9 2 4 9 . 9 9 1 0 9 9 . 8 4 2 2
3 5 9 . 9 CFR lOy 0 3 0 8 9 6 0 . 5 0 0 6 1 3 . 3 5 3 2 6 3 . 4 6 1 2 5 0 . 1 0 8 0 1 0 0 . 0 9 5 9
3 5 9 . 9 CFR lOz 0 3 0 8 9 6 0 . 5 0 0 5 1 3 . 2 1 5 0 6 3 . 3 1 8 0 5 0 . 1 0 3 0 1 0 0 . 1 0 5 9
s
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 0 .5001 1 3 . 3 4 6 4 6 3 . 3 8 5 7 5 0 . 0 3 9 3 1 0 0 . 0 5 8 6
3 5 8 .7 CFR l l y  0 3 0 8 9 6 0 . 5 0 0 3 13 .2961 6 3 . 2 9 8 0 5 0 . 0 0 1 9 9 9 . 9 4 3 8
3 5 8 .7 CFR H z  0 3 0 8 9 6 0 . 5 0 0 5 1 3 . 3 2 3 4 6 3 . 3 6 0 0 5 0 . 0 3 6 6 9 9 . 9 7 3 2
3 5 7 . 5 CFR 1 2 x 0 3 0 9 9 6 0 . 4 9 9 9 1 3 . 3 1 4 8 6 3 . 3 7 9 4 5 0 . 0 6 4 6 1 0 0 . 1 4 9 2
3 5 7 .5 CFR 12y 0 3 0 9 9 6 0 . 5 0 0 4 1 3 . 4 4 3 5 6 3 . 4 2 5 0 4 9 . 9 8 1 5 99 .8 8 3 1
3 5 7 .5 CFR 12z  0 3 0 9 9 6 0 . 5 0 0 2 1 3 .3 0 9 2 6 4 . 0 4 1 2 5 0 . 7 3 2 0 1 0 1 . 4 2 3 4
3 5 5 .3 CFR 1 3 x 0 3 0 9 9 6 0 . 4 9 9 8 1 3 . 3 4 4 4 63 .4721 5 0 . 1 2 7 7 1 0 0 . 2 9 5 5
3 5 5 . 3 CFR 1 3y 0 3 0 9 9 6 0 .5001 13 .1711 6 3 . 4 6 9 5 5 0 . 2 9 8 4 1 0 0 . 5 7 6 7
3 5 5 . 3 CFR 13z  0 3 0 9 9 6 0 . 5 0 0 3 1 3 .3 0 7 2 6 3 . 3 4 6 9 5 0 . 0 3 9 7 1 0 0 . 0 1 9 4
35 2 CFR 16x 0 3 0 9 9 6 0 . 5 0 0 3 1 3 .3 8 1 2 6 3 . 4 7 4 6 5 0 . 0 9 3 4 1 0 0 . 1 2 6 7
35 2 CFR 16y 0 3 0 9 9 6 0 . 5 0 0 2 1 3 .3 8 2 6 6 3 . 4 0 0 9 5 0 . 0 1 8 3 9 9 . 9 9 6 6
35 2 CFR 16z 0 3 0 9 9 6 0 . 5 0 0 2 1 3 .3 8 1 2 6 3 . 5 3 5 2 5 0 . 1 5 4 0 1 0 0 . 2 6 7 9
3 5 0 . 4 BRR 2 4 w 0 3 1 5 9 6 0 . 5 0 0 2 1 3 .3 8 7 3 6 3 . 4 4 9 3 5 0 . 0 6 2 0 1 0 0 . 0 8 4 0
3 5 0 . 4 BRR 2 4 x 0 3 1 5 9 6 0 . 4 9 9 5 1 3 .3 5 7 4 6 3 . 3 6 3 2 5 0 . 0 0 5 8 1 0 0 . 1 1 1 7
3 5 0 . 4 BRR 24y  0 3 1 5 9 6 0 . 4 9 9 8 1 3 .3 0 2 5 6 3 . 5 6 3 0 5 0 . 2 6 0 5 1 0 0 . 5 6 1 2
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 0 . 4 9 9 7 1 3 . 2 1 4 8 6 3 . 5 3 4 4 5 0 . 3 1 9 6 1 0 0 . 6 9 9 6
3 4 6 .9 CFR 1 4 x 0 3 0 9 9 6 0 . 5 0 0 8 1 3 . 2 5 8 4 6 3 . 3 0 9 8 5 0 . 0 5 1 4 9 9 . 9 4 2 9
3 4 6 .9 CFR 14y 0 3 0 9 9 6 0 . 4 9 9 9 1 3 .3 8 8 9 6 3 . 4 5 7 0 50 .0681 1 0 0 . 1 5 6 2
3 4 6 .9 CFR 14z  0 3 0 9 9 6 0 . 5 0 0 7 1 3 .3 5 6 7 6 3 . 3 8 5 2 5 0 . 0 2 8 5 9 9 .9 1 7 1
3 4 2 .3 CFR 1 5 x 0 3 0 9 9 6 0 . 5 0 0 5 1 3 .3 8 7 6 6 3 . 4 8 2 2 5 0 . 0 9 4 6 1 0 0 .0891
3 4 2 .3 CFR 15y 0 3 0 9 9 6 0 . 5 0 0 3 1 3 .2 0 6 7 6 3 . 2 8 6 4 5 0 . 0 7 9 7 1 0 0 . 0 9 9 3
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 0 . 4 9 9 7 1 3 .2 1 7 7 6 3 . 2 1 3 5 4 9 . 9 9 5 8 1 0 0 . 0 5 1 6
River Mile Sample Name Al Al (ppm) Al Std Dev. As A s(p p m ) As Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 75 .7 7 6 2 2 . 0 1 9 3 4 . 1 8 7 1.13 1 13 .8 5 . 2 0 0
4 5 5 . 3 J31y  0 3 1 5 9 6 4 3 .3 4 3 3 2 . 2 1.16 116.1
4 5 5 . 3 J 3 1 Z 0 3 1 5 9 6 77 .3 7 7 3 9 . 6 1.06 106.1
451.1 J 3 0 x 0 3 1 5 9 6 62 .2 6 2 2 6 . 3 1922 .361 1.06 106.1 9.481
451 .1 J30y  0 3 1 5 9 6 91 9 0 9 6 . 4 0 . 9 9 4 9 9 .4
451.1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 98 .7 9 8 7 6 . 8 1.18 118.1
4 4 4 . 5 J29x 0 3 1 5 9 6 65.1 6 5 1 5 . 5 8 6 6 . 6 7 9 0 . 9 1 6 91 .7 3.961
4 4 4 . 5 J29y  0 3 1 5 9 6 82.1 8 2 3 1 . 3 0 . 9 7 5 9 7 .8
4 4 4 . 5 J29z  0 3 1 5 9 6 71 .3 7 1 6 0 . 2 0 . 9 8 7 99.1
4 4 3 . 3 J 2 8 x 0 3 1 5 9 6 7 1 .5 7 1 5 5 . 5 2 1 5 5 . 0 2 8 0 . 6 3 3 63 .3 1 8 .7 8 4
4 4 3 . 3 J28y  0 3 1 5 9 6 68 .9 6 8 9 3 . 4 0 . 5 7 9 57 .9
4 4 3 . 3 J 2 8 z 0 3 1 5 9 6 107 1 0 7 5 0 .2 0 . 9 2 4 9 2 .8
434.1 J27x 0 3 1 5 9 6 113 1 1 3 0 6 .0 1 7 0 7 . 0 4 4 1.24 124.1 8 .8 4 3
434.1 J27y  0 3 1 5 9 6 8 0 .3 8 0 3 0 . 8 1.1 110 .0
434.1 J 2 7 z 0 3 1 5 9 6 88.1 8 8 3 3 . 6 1.26 126 .3
429.1 J26x 0 3 1 5 9 6 7 7 .9 7 7 8 6 . 0 1 0 8 9 . 6 1 0 0 . 4 8 8 4 8 .8 5 . 7 9 6
429.1 J26y  0 3 1 5 9 6 9 0 .5 9 0 4 6 . 6 0 . 5 2 2 52 .2
429.1 J 2 6 z 0 3 1 5 9 6 9 9 .6 9 9 5 5 . 8 0 . 4 0 9 4 0 .9
4 1 6 . 8 J 2 5 x 0 3 1 5 9 6 • 6 3 .8 6 3 8 0 . 6 1 6 4 .7 0 8 0 . 8 3 9 83 .9 3 .0 5 9
4 1 6 . 8 J25y 0 3 1 5 9 6 65.1 6 5 0 3 . 9 0 . 8 6 7 8 6 .6
4 1 6 . 8 J25z  0 3 1 5 9 6 61 .7 6 1 7 7 . 7 0 . 8 9 9 9 0 .0
4 1 1 . 8 J24y  0 3 1 5 9 6 73 .5 7 3 4 7 . 4 1 0 9 5 . 3 0 3 0 . 7 2 2 72 .2 2 . 6 3 5
4 1 1 . 8 J 2 4 z 0 3 1 5 9 6 69 .9 6 9 8 7 . 4 0 . 7 0 6 70 .6
4 1 1 . 8 J 2 4 x 0 3 1 5 9 6  1 9 0 .6 9 0 3 8 . 7 0 . 7 5 9 75 .7
4 0 2 . 6 J 2 3 x 0 3 1 5 9 6 60 .2 6 0 4 7 . 3 8 5 8 . 0 0 3 0 . 5 2 7 52 .9 0 . 9 7 0
4 0 2 . 6 J23y 0 3 1 5 9 6 48 .3 4 8 3 2 . 6 0 . 5 4 7 54 .7
4 0 2 . 6 J23z  0 3 1 5 9 6 64 .8 6 4 8 9 . 6 0 . 5 4 4 54 .5
Si
3 9 6 . 6 J22x 0 3 1 5 9 6 7 0 .9 7 0 9 2 . 8 3 6 1 . 4 1 6 0.471 47.1 8 . 1 1 0
3 9 6 . 6 J 2 2 y 0 3 1 5 9 6 64 .3 6 4 1 7 . 7 0.431 4 3 . 0  1
3 9 6 . 6 J 2 2 Z 0 3 1 5 9 6 69 .6 6 9 7 8 . 8 0 .5 8 5 58 .7
3 9 4 .6 J 2 1 x 0 3 1 5 9 6 79 .9 7 9 9 4 . 3 9 3 1 . 0 6 8 0 . 6 1 6 6 1 .6 6 .6 0 2
3 9 4 .6 J 2 1 y 0 3 1 5 9 6 97 9 7 9 1 . 8 0 . 7 1 4 72.1
3 9 4 . 6 J 2 1 Z 0 3 1 5 9 6 92 .9 9314 .1 0 .5 9 7 59 .9
3 8 8 .4 J 2 0 x 0 3 1 5 9 6 7 9 .4 7 9 6 5 . 6 1 2 6 8 . 0 7 2 0 . 4 9 9 50.1 9 .7 6 2
3 8 8 .4 J 2 0 y 0 3 1 5 9 6 55 5501 .1 0 .3 4 9 34 .9
3 8 8 .4 J 2 0 z 0 3 1 5 9 6 62.1 6215 .1 0 .531 53.1
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 59.2 5 9 1 2 . 8 2 2 7 . 6 9 3 0 . 4 0 3 4 0 .3 3 .5 8 5
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 61.1 6 1 0 8 . 6 0 .331 33.1
3 8 1 .8 CFR/Rk Cr 2z  0 3 0 2 9 6 56 .5 5 6 5 4 . 6 0 .37 37 .0
3 7 8 .9 1 x 0 3 0 2 9 6 65.1 6 5 2 3 . 9 5 0 6 . 3 6 5 0.501 50 .2 6 .2 7 3
3 7 8 .9 l y  0 3 0 2 9 6 6 8 .8 6 9 4 0 . 0 0 . 3 8 5 38 .8
3 7 8 .9 1z 0 3 0 2 9 6  7 / 2 3 / 9 6 75 .3 7 5 3 1 . 6 0 .491 49.1
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 56 .2 5 6 2 3 . 6 1 1 9 2 . 0 1 7 0 . 2 8 3 28 .3 8 . 4 3 7
3 7 0 .4 Turah Br. 3y 0 3 0 2 9 6 50.1 5019 .1 0 . 3 0 5 30 .6
3 7 0 .4 TurFishAc. 3z  0 3 0 2 9 6 82 8 1 9 1 . 5 0 . 4 9 4 4 9 .3
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 63 .5 6 3 5 4 . 9 0 . 3 8 7 38 .7
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 62 .2 6 2 2 1 . 8 0 . 4 0 7 4 0 .7
3 6 5 .8 Res. 4x 0 3 0 2 9 6 4 3 .7 4 3 7 0 . 2 2 8 1 . 3 6 4 0 . 4 4 4 4 4 .4 3 .9 9 9
3 6 5 .8 Res. 4y  0 3 0 2 9 6 38.1 3 9 4 2 . 5 0 . 3 8 9 4 0 .3
3 6 5 .8 Res. 4 z  0 3 0 2 9 6 4 4 .5 4 473 .1 0 . 4 8 4 8 .2
3 6 5 .6 CFR23U 0 3 1 5 9 6 7 2 .6 7 2 5 5 . 6 1 3 9 3 . 3 7 2 0 . 4 8 2 48 .2 5 7 . 1 0 9
3 6 5 .6 CFR 23v  0 3 1 5 9 6 4 7 .6 4 7 6 5 . 6 0 . 5 5 3 55 .4
3 6 5 .6 CFR 2 3 w  0 3 1 5 9 6 72 .9 7 3 0 9 . 4 0 . 4 6 2 4 6 .3
3 6 5 .6 CFR 2 3 x 0 3 1 5 9 6 79.1 7913 .1 1.9 190.1
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 53 .2 5314.1 0 . 5 1 5 51 .4
3 6 5 .6 CFR 2 3 z 0 3 1 5 9 6 4 9 .3 4 9 3 5 . 3 0 . 5 0 6 50 .7
O n
O n
3 6 4 .9 BFR 7v 0 3 0 8 9 6 50.7 5 1 0 4 . 6 2 0 2 3 . 5 0 2 0 . 0 7 6 7.7 0 . 9 9 4
3 6 4 .9 BFR 7w 0 3 0 8 9 6 68 .7 6 9 0 1 .2 0 . 0 9 8 9 .8
3 6 4 .9 BFR 7x 0 3 0 8 9 6 2 7 .4 2 7 5 1 . 9 0 . 0 8 2 8.2
3 6 4 . 9 BFR 7y  0 3 0 8 9 6 20 .8 2 0 7 7 . 4 0 . 0 8 3 8.3
3 6 4 . 9 BFR 7z  0 3 0 8 9 6 27.2 2 7 6 7 .7 0 .071 7.2
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 33 .7 3 3 6 7 .7 7 5 8 . 0 9 4 0 . 4 9 8 4 9 .8 3 .4 0 3
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 4 7 . 4 4 7 3 7 . 4 0 . 5 6 6 56 .6
364:6 CFR 5z 0 3 0 2 9 6 34 .9 3 4 8 9 . 3 0 . 5 3 4 5 3 .4
3 6 4 .5 CFR 22x  0 3 1 3 9 6 4 8 .9 4 8 8 9 . 2 2 7 2 . 4 6 9 1.83 183 .0 4 7 . 5 8 7
3 6 4 .5 CFR 2 2 y  0 3 1 3 9 6 4 8 .9 4 8 9 8 . 0 0 . 9 8 9 99.1
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 4 3 .3 4 4 2 1 . 8 1 102.1
3 6 3 .9 CFR 8x 0 3 0 8 9 6 4 6 4 6 1 4 . 0 2 3 . 0 2 9 1.04 104.3 3 1 . 8 0 0
3 6 3 .9 CFR 8y 0 3 0 8 9 6 4 5 .9 4 5 9 9 . 6 0 . 6 6 5 66 .6
3 6 3 .9 CFR 8z  0 3 0 8 9 6 46 .5 4 6 4 4 . 7 1.3 129.9
3 6 2 .9 CFR 9x 0 3 0 8 9 6 68 .9 6 8 9 9 . 8 1 1 1 7 . 3 5 2 2.01 2 0 1 .3 5 7 . 8 8 5
3 6 2 . 9 CFR 9y 0 3 0 8 9 6 4 9 . 4 4 9 3 8 . 2 1.19 119 .0
3 6 2 . 9 CFR 9z  0 3 0 8 9 6 49 .9 4 9 9 1 . 9 0 . 8 9 6 89 .6
3 6 2 . 3 6x 0 3 0 2 9 6 60 .9 6 0 9 7 . 5 2 2 5 . 1 0 6 1.06 106.1 5.541
3 6 2 . 3 6y 0 3 0 2 9 6 59 .6 5990 .1 0 . 9 6 5 97 .0
3 6 2 .3 6z  0 3 0 2 9 6 64 .2 6 4 2 2 . 4 0 .961 96.1
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 66 .5 6 6 6 3 . 7 9 9 4 . 9 4 2 0 . 6 6 4 66 .5 6 . 3 1 0
3 6 1 .2 CFR 2 1 y  0 3 1 3 9 6 51 5100.1 0 .641 64.1
3 6 1 .2 . CFR 2 1 z  0 3 1 3 9 6 47 .9 4816 .1 0 . 5 4 3 54 .6
3 6 0 . 6 CFR 2 0 x 0 3 1 3 9 6 4 8 .7 4 8 8 0 . 3 8 8 2 . 9 3 6 0 .5 50.1 25.671
3 6 0 . 6 CFR 2 0 y  0 3 1 3 9 6 4 9 .5 4 9 4 7 . 7 0 . 8 7 5 87 .5
3 6 0 . 6 CFR 2 0 z  0 3 1 3 9 6 64 .3 6 4 4 2 .2 0 .991 99 .3
3 5 9 . 9 CFR 1 0 x 0 3 0 8 9 6 47 .5 4 7 4 2 . 5 6 4 3 . 1 8 2 0.561 56 .0 1 5 .262
3 5 9 . 9 CFR lOy 0 3 0 8 9 6 53.1 5315.1 0 .851 85.2
3 5 9 .9 CFR lOz 0 3 0 8 9 6 60.2 6 0 2 6 . 4 0 . 7 8 3 7 8 .4
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 4 2 .8 4 2 8 2 . 5 6 6 1 . 7 1 7 0 .4 6 7 4 6 .7 10.151
3 5 8 .7 CFR 11y 0 3 0 8 9 6 55 .8 5 5 7 6 . 9 0 . 4 9 4 4 9 . 4
3 5 8 .7 CFR 11z 0 3 0 8 9 6 51.7 5 1 6 8 . 6 0 . 6 5 5 65 .5
3 5 7 .5 CFR 12x 0 3 0 9 9 6 6 2 .8 6 2 8 9 . 4 1 5 3 3 . 2 7 0 0 . 7 9 5 7 9 .6 12 .6 1 8
3 5 7 .5 CFR 12y 0 3 0 9 9 6 54 .2 5 4 1 3 . 7 0 . 5 7 2 57.1
3 5 7 .5 CFR 12z 0 3 0 9 9 6 3 2 .6 3 3 0 6 . 4 0 .7 7 2 78 .3
3 5 5 .3 CFR 13x 0 3 0 9 9 6 58 .7 5 8 8 7 . 3 1 0 6 7 . 5 3 8 2 .03 2 0 3 . 6 6 7 . 3 0 8
3 5 5 .3 CFR 1 3y 0 3 0 9 9 6 64.1 6 4 4 7 . 0 0 . 8 1 2 81 .7
3 5 5 .3 CFR 1 3z  0 3 0 9 9 6 79 .5 7 9 5 1 . 5 1.92 192 .0
3 5 2 CFR 1 6 x 0 3 0 9 9 6 45.1 4 5 1 5 . 7 1 3 7 2 . 1 2 6 0 . 9 4 8 94 .9 1 4 .3 2 4
3 5 2 CFR 16y 0 3 0 9 9 6 54 .6 5 4 5 9 . 8 0 .681 68.1
3 5 2 CFR 16z 0 3 0 9 9 6 72 7 2 1 9 . 3 0 . 7 2 6 72 .8
3 5 0 , 4 BRR 2 4 w 0 3 1 5 9 6 37 .3 3733 .1 8 1 3 . 8 7 5 0 . 0 1 7 1.7 0 . 8 7 4
3 5 0 . 4 BRR 24x 0 3 1 5 9 6 4 5 .9 4 5 95 .1 0 . 0 3 4 3.4
3 5 0 . 4 BRR 2 4 y  0 3 1 5 9 6 53 .3 5 3 5 9 . 9 0 . 0 2 2 2.2
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 34 .4 3464 .1 0 . 0 2 2 2.2
3 4 6 . 9 CFR 14x 0 3 0 9 9 6 4 5 .9 4 5 8 7 . 4 1 3 6 5 . 1 3 7 0 .9 3 92 .9 3 0 .1 8 2
3 4 6 .9 CFR 14y 0 3 0 9 9 6 72 7 2 1 1 . 2 0 . 3 2 7 32 .8
3 4 6 .9 CFR 14z 0 3 0 9 9 6 52 .5 5 2 4 5 , 6 0 . 6 6 8 66 .7
3 4 2 .3 CFR 1 5 x 0 3 0 9 9 6 53 .6 5 3 6 4 . 8 5 7 0 . 2 3 2 0 . 7 5 2 75 .3 11 .897
3 4 2 .3 CFR 15y 0 3 0 9 9 6 43 .3 4 3 3 4 . 3 0 . 7 4 3 7 4 .4
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 52.7 5 2 7 2 .7 0 .5 4 2 54 .2
s
River Mile Sample Name Ca Ca (ppm) Ca Std Dev. Cd Cd (ppm) Cd Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 184 .2 1 8 5 4 6 .5 2 4 9 0 . 3 8 8 0 . 0 4 5 2 4 . 5 5 1 0 0 . 4 6 3
4 5 5 . 3 J31y  0 3 1 5 9 6 161 .4 1 6 1 4 8 .3 0 . 0 3 8 3 3 . 8 3 2 0
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 135 .5 1 3 5 6 6 .8 0 . 0 4 6 9 4 . 6 9 5 8
451 .1 J 3 0 x 0 3 1 5 9 6 130 .4 13053 .1 2 9 9 5 . 4 5 6 0 . 0 4 6 9 4 . 6 9 4 7 0 . 1 8 8
451 .1 J30y  0 3 1 5 9 6 159 .6 1 5 9 5 3 .7 0 . 0 4 3 8 4 . 3 7 8 3
451 .1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 190 .3 19043 .1 0 .0471 4 . 7 1 3 2
4 4 4 . 5 J29x 0 3 1 5 9 6 108 .2 1 0 8 2 9 .2 1 2 4 5 . 7 4 9 0 .0331 3 . 3 1 2 8 0 . 3 7 6
4 4 4 . 5 J29y  0 3 1 5 9 6 132 1 3 2 3 4 .2 0 . 0 3 9 6 3 . 9 7 0 3
4 4 4 . 5 J29z  0 3 1 5 9 6 114.2 1 1 4 6 8 .3 0 . 0 3 9 4 3 .9 5 6 7
4 4 3 . 3 J 2 8 x 0 3 1 5 9 6 118.7 1 1 8 7 9 .2 9 3 5 . 5 9 9 0 . 0 3 3 3 3 . 3 3 2 6 2 .4 1 5
4 4 3 . 3 J28y  0 3 1 5 9 6 118 .6 1 1 8 6 5 .8 0 . 0 2 9 2 2 . 9 2 1 4
4 4 3 . 3 J28z  0 3 1 5 9 6 134 .3 1 3 4 9 2 .9 0 . 0 7 2 6 7 . 2 9 4 0
434 .1 J 2 7 x 0 3 1 5 9 6 177.1 1 7 7 1 9 . 4 9 6 2 . 5 7 3 0 .0451 4 . 5 1 2 4 0 . 2 7 6
434 .1 J27y  0 3 1 5 9 6 161 .3 16 1 3 1 .7 0 . 0 4 7 5 4 . 7 5 0 5
434.1 J27z  0 3 1 5 9 6 159 .4 1 5 9 8 2 .7 0 . 0 5 0 5 5 . 0 6 3 5
429.1 J 2 6 x 0 3 1 5 9 6 127 .4 1 2 7 3 3 .5 8 4 9 . 3 9 3 0 . 0 2 7 6 [^2 .7586 0 . 1 6 9
429.1 J26y  0 3 1 5 9 6 137 .3 1 3 7 2 4 ,9 0 . 0 3 0 3 3 .0 2 8 9
429.1 J 2 6 z 0 3 1 5 9 6 144 .3 1 4 4 2 3 .9 0 . 0 2 7 2 2 .7 1 8 9
4 1 6 . 8 J 2 5 x 0 3 1 5 9 6 143.2 1 4 3 2 1 .4 8 2 8 . 9 3 2 0 . 0 2 9 5 2 .9 5 0 3 0 . 1 7 3
4 1 6 . 8 J25y  0 3 1 5 9 6 134 .3 1 3 4 1 7 .5 0 . 0 2 7 8 2 . 7 7 7 4
4 1 6 . 8 J25Z 0 3 1 5 9 6 126 .5 1 2 6 6 5 .9 ^ 0 . 0 3 1 2 3 .1 2 3 9
4 1 1 . 8 J24y 0 3 1 5 9 6 123.2 1 2 3 1 5 .6 1667 .721 0 . 0 3 9 2 3 .9 1 8 6 0 . 2 3 2
4 1 1 . 8 J24z  0 3 1 5 9 6 148 .3 1 4 8 2 4 . 4 0 .0351 3 .5 0 8 7
4 1 1 . 8 J24x 0 3 1 5 9 6 155.1 1 5 4 7 3 .5 0 .0391 3 .9 0 0 8
4 0 2 . 6 J23x 0 3 1 5 9 6 177.5 1 7 8 3 0 .6 1 4 9 7 . 0 6 5 0 . 0 3 4 3 3 . 4 4 5 6 0 . 5 4 7
4 0 2 . 6 J23y  0 3 1 5 9 6 155.2 1 5 5 2 8 .2 0 . 0 2 3 8 2 . 3 8 1 3
4 0 2 . 6 J 2 3 z 0 3 1 5 9 6 183.1 18337.1 0 . 0 3 1 3 3 . 1 3 4 6
3 9 6 . 6 J 2 2 x 0 3 1 5 9 6 178 .6 17867.1 2 7 1 . 8 5 4 0 . 0 3 4 8 3 . 4 8 1 4 0 . 4 2 0
3 9 6 . 6 J22y  0 3 1 5 9 6 176 1 7 5 6 6 .3 0 . 0 2 8 2 2 . 8 1 4 6
3 9 6 .6 J 2 2 z  0 3 1 5 9 6 1 80 .6 1 8 1 0 8 .9 0 . 0 3 5 8 3 . 5 8 9 7
3 9 4 .6 3 2 1 x 0 3 1 5 9 6 1 7 8 .8  J 1 7 8 8 9 .5 1 5 5 9 . 1 4 0 0 . 0 3 7 5 3 . 7 5 2 0 0 . 5 0 2
3 9 4 .6 J21y  0 3 1 5 9 6 2 0 0 . 4 2 0 2 2 9 . 7 0 . 0 4 6 4 4 . 6 8 3 9
3 9 4 . 6 J 2 1 z 0 3 1 5 9 6 172.3 1 7 2 7 4 . 8 0 . 0 4 5 3 4 . 5 4 1 8
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 212.1 21 2 7 8 .4 ^ 3 3 5 . 1 2 4 0 .0331 3 .3 2 0 7 0 . 5 9 7
3 8 8 . 4 J20y  0 3 1 5 9 6 2 1 9 .4 2 1 9 4 4 . 2 0 . 0 2 2 5 2 . 2 5 0 4
3 8 8 .4 J20z  0 3 1 5 9 6 2 1 6 .6 2 1 6 7 7 . 9 0 . 0 3 2 4 3 . 2 4 2 7
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 198 .4 1 9 8 1 5 .9 6 3 5 . 4 0 6 0 . 0 2 7 6 2 .7 5 6 7 0 . 2 9 7
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 185 .5 1 8 5 4 5 . 8 0 . 0 2 2 2 .1 9 9 5
3 8 1 .8 CFR/Rk Cr 2z  0 3 0 2 9 6 192 1 9 2 1 5 . 8 0 . 0 2 3 2 .3 0 1 9
3 7 8 .9 1 x 0 3 0 2 9 6 192 1 9 2 4 1 . 0 6 2 1 . 7 3 6 0.031 3 . 1 0 6 6 0.271
3 7 8 .9 l y  0 3 0 2 9 6 179 .8 Î 8 1 3 6 . 8 0 . 0 2 5 6 2 . 5 8 2 3
3 7 8 .9 Iz  0 3 0 2 9 6  7 / 2 3 / 9 6 181 .9 1 8 1 9 3 .7 0 . 0 2 9 6 2 . 9 6 0 6
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 103 .3 1 0 3 3 6 .7 1 9 5 3 . 7 7 6 0 . 0 1 8 7 1 .8 7 1 2 0 . 7 8 7
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 103 .5 10368 .8^ 0 . 0 2 2 2 2 . 2 2 4 0
3 7 0 . 4 TurFishAc. 3z 0 3 0 2 9 6 144 14385.1 0 . 0 3 9 3 . 8 9 6 0
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 134 .4 1 3 4 5 0 . 4 0 . 0 2 6 9 2 .6921
3 7 0 .3  ^ Turah Br. 3w 0 3 0 8 9 6 137 .6 1 3 7 6 4 . 0 0 . 0 3 0 8 3 . 0 8 0 9
3 6 5 . 8  ' Res. 4x 0 3 0 2 9 6 . 162 .5 1 6 2 5 0 .7 6 7 5 . 3 7 7 0 . 0 3 4 3 3 .4301 0 . 1 6 8
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 162.1 1 6 7 7 3 . 8 0 . 0 2 9 9 3 . 0 9 4 0
3 6 5 . 8 Res. 4 z  0 3 0 2 9 6 175 1 7 5 9 0 .7 0 . 0 3 2 5 3 .2 6 6 9
3 6 5 . 6 CFR 23u 0 3 1 5 9 6 182 .2 1 8 2 0 8 .9 6 5 3 2 . 8 8 3 0 . 0 2 8 5 2 .8 4 8 3 5 .5 2 5
3 6 5 . 6 CFR 23v  0 3 1 5 9 6 163 .9 1 6 4 0 9 .2 0 . 0 3 1 2 3 .1 2 3 7
3 6 5 . 6 CFR 23w  0 3 1 5 9 6 2 0 5 . 4 2 0 5 9 4 . 5 0 . 0 3 4 5 3 .4 5 9 2
3 6 5 . 6 CFR 23x 0 3 1 5 9 6 9 1 .7 9 9 1 8 2 . 6 0 . 1 6 7 6 1 6 .7 6 6 6
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 277.1 2 7679 .1 0 . 0 3 4 5 3 .4461
3 6 5 . 6 CFR 2 3 z  0 3 1 5 9 6 120 .6 1 2 0 7 2 .9 0 . 0 3 3 4 3 . 3 4 3 6
s
3 6 4 .9 BFR 7v 0 3 0 8 9 6 2 1 3 .7 2 1 5 1 6 . 0 2 9 1 6 . 5 9 6 0 . 0 0 4 0 . 4 0 2 7 0 . 1 0 5
3 6 4 . 9 BFR 7w 0 3 0 8 9 6 2 4 4 .5 2 4 5 6 1 . 0 0 . 0 0 3 6 0 . 3 6 1 6
3 6 4 . 9 BFR 7x 0 3 0 8 9 6 23 4 .2 2 3 5 2 1 . 5 0 . 0 0 3 0 . 3 0 1 3
3 6 4 .9 BFR 7y 0 3 0 8 9 6 2 5 3 .3 2 5 2 9 8 . 4 0 . 0 0 1 9 0 . 1 8 9 8
3 6 4 . 9 BFR 7z  0 3 0 8 9 6 177 .2 1 8 0 3 0 .9 0 . 0 0 1 6 0 . 1 6 2 8
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 1 58 .3 1 5 8 1 9 . 3 6 2 0 . 6 7 3 0 . 0 2 6 9 2 . 6 8 8 2 0 . 1 3 6
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 1 55 .2 1 5 5 1 1 . 3 0 . 0 2 9 5 2 . 9 4 8 4
3 6 4 . 6 CFR 5z  0 3 0 2 9 6 167.1 1 6 7 0 6 . 8 0 . 0 2 8 9 2 . 8 8 9 4
3 6 4 .5 CFR 22x 0 3 1 3 9 6 171.1 1 7 1 0 7 .3 3 7 8 . 4 1 6 0 . 0 7 4 9 7 . 4 8 8 8 1 .6 3 7
3 6 4 .5 CFR 22y  0 3 1 3 9 6 169 .6 1 6 9 8 7 .9 0 . 0 4 4 7 4 . 4 7 7 4
3 6 4 . 5 CFR 2 2 z 0 1 1 3 9 6 160 .6 1 6 4 0 0 .4 0 . 0 4 7 7 4 .8711
3 6 3 .9 CFR 8x 0 3 0 8 9 6 167 .5 16801 .1 1 4 9 8 . 5 7 6 0 . 0 5 0 7 5 .0 8 5 5 1 .438
3 6 3 .9 CFR 8y  0 3 0 8 9 6 1 5 2 .8 1 5 3 1 1 . 8 0 .Ô359 3 . 5 9 7 5
3 6 3 .9 CFR 8z  0 3 0 8 9 6 183 .3 1 8 3 0 9 . 0 0 . 0 6 4 8 6 . 4 7 2 6
3 6 2 .9 CFR 9x 0 3 0 8 9 6 185 .5 1 8 5 7 6 . 3 1 1 8 8 . 9 3 0 0 . 0 8 3 6 8 . 3 7 1 9 2.151
3 6 2 .9 CFR 9y 0 3 0 8 9 6 2 0 2 . 4 2 0 2 3 2 . 5 0 . 0 5 0 2 5 .0181
3 6 2 . 9 CFR 9z  0 3 0 8 9 6 179 .2 1 7 9 2 6 . 8 0 . 0 4 3 6 4 . 3 6 1 6
3 6 2 .3 6x 0 3 0 2 9 6 210.1 2 1 0 3 5 . 9 4 3 0 . 7 2 0 0 . 0 5 7 3 5 .7371 0 .271
3 6 2 .3 6y 0 3 0 2 9 6 2 1 1 .8 2 1 2 8 6 . 8 0 . 0 5 3 3 5 . 3 5 6 9
3 6 2 .3 6 z  0 3 0 2 9 6 2 0 4 . 4 2 0 4 4 7 . 6 0 .0521 5 .2 1 1 9
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 181 .7 1 8 2 0 7 .5 9 2 4 . 5 0 7 0 . 0 3 8 3 .8 0 7 9 0 .241
3 6 1 .2 CFR 2 1 y  0 3 1 3 9 6 163 .6 1 6 3 6 0 .3 0 . 0 3 6 3.6001
3 6 1 .2 C F R 2 1 Z 0 3 1 3 9 6 171 .2 1 7 2 1 3 .2 0 .0331 3 . 3 2 8 0
3 6 0 . 6 CFR 2 0 x 0 3 1 3 9 6 186 .5 1 8 6 8 9 .6 1 4 9 4 . 5 7 9 0 . 0 3 2 7 3 .2 7 6 9 1.007
3 6 0 . 6 CFR 2 0 y 0 3 1 3 9 6 1 93 .8 1 9 3 7 1 .2 0 . 0 4 3 6 4 . 3 5 8 0
3 6 0 . 6 CFR 2 0 z 0 3 1 3 9 6 215.1 2 1 5 5 0 . 9 0 . 0 5 2 8 5 .2 9 0 0
3 5 9 . 9 CFR lOx 0 3 0 8 9 6 186 1 8 5 7 0 .7 6 30 .441 0 . 0 3 2 3 3 . 2 2 4 9 0 . 6 6 5
3 5 9 . 9 CFR lOy 0 3 0 8 9 6 191 .5 1 9 1 6 8 . 4 0 . 0 4 5 4 4 . 5 4 4 4
3 5 9 . 9 CFR lOz 0 3 0 8 9 6 ^ 198.1 1 9 8 3 1 . 0 0 . 0 4 0 2 4 . 0 2 4 3
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 192 .2 1 9 2 3 1 .3 1 7 6 8 . 3 5 4 0 . 0 2 9 8 2 .9 8 1 7 0 . 3 2 8
3 5 8 .7 CFR l l y  0 3 0 8 9 6 157 .8 15771 .1 0 . 0 3 2 2 3 .2 1 8 2
3 5 8 .7 CFR l l z  0 3 0 8 9 6 1 8 1 .4 18135 .1 0 . 0 3 6 3 3 . 6 2 9 0
3 5 7 .5 CFR 1 2 x 0 3 0 9 9 6 2 0 9 .8 2 1 0 1 1 . 3 2 4 8 3 .5 5 1 0 . 0 4 7 3 4 .7371 0 . 8 7 5
3 5 7 .5 CFR 12y 0 3 0 9 9 6 161 .8 16161 .1 0 . 0 3 0 7 3 . 0 6 6 4
3 5 7 . 5 CFR 12z 0 3 0 9 9 6 1 9 2 .4 1 9 5 1 3 .9 0 . 0 4 2 9 4 .3511
35 5 .3 CFR 1 3x 0 3 0 9 9 6 158 .5 1 5 8 9 6 . 8 7 1 3 . 5 8 3 0 . 0 9 3 3 9 . 3 5 7 6 2 .5 9 3
3 5 5 .3 CFR 13y 0 3 0 9 9 6 171 .7 1 7 2 6 9 . 0 0 . 0 4 1 5 4 . 1 7 3 9
3 5 5 .3 CFR 13z 0 3 0 9 9 6 1 6 2 .4 16243 .1 0 . 0 6 9 2 6 .9 2 1 3
35 2 CFR 1 6 x 0 3 0 9 9 6 186 .8 1 8 7 0 3 .7 9 7 2 . 4 0 0 0 . 0 4 9 4 4 . 9 4 6 3 0 . 8 8 2
35 2 CFR 16y 0 3 0 9 9 6 168 .2 1 6 8 1 9 . 4 0 . 0 3 2 2 ^ 3 .2 1 9 9
3 5 2 CFR 16z 0 3 0 9 9 6 181 .3 1 8 1 7 8 . 6 0 . 0 3 7 6 3.7701
3 5 0 . 4 BRR 24w  0 3 1 5 9 6 2 3 . 0 4 2 3 0 5 . 9 2 6 5 . 4 9 4 0 . 0 0 3 9 0 . 3 9 0 3 0 . 1 6 2
3 5 0 . 4 BRR 2 4 x 0 3 1 5 9 6 2 5 .7 7 2 5 7 9 . 9 0 . 0 0 2 6  ^ 0 . 2 6 0 3
3 5 0 . 4 BRR 24y  0 3 1 5 9 6 28.21 2 8 3 6 . 8 0 . 0 0 5 8 0 . 5 8 3 3
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 2 4 . 1 6 2 4 3 2 . 9 0 . 0 0 3 4 0 . 3 4 2 4
3 4 6 . 9 CFR 1 4 x 0 3 0 9 9 6 197.1 1 9 6 9 8 .7 6 9 9 . 9 6 2 0 . 0 4 7 5 4 . 7 4 7 3 0 . 5 5 0
3 4 6 .9 CFR 14y 0 3 0 9 9 6 187.5 1 8 7 7 9 .3 0 .0 4 2 1 4 . 2 1 6 6
3 4 6 .9 CFR 14z 0 3 0 9 9 6 183 .4 1 8 3 2 4 .8 0 . 0 3 6 5 3 . 6 4 7 0
3 4 2 .3 CFR 15x 0 3 0 9 9 6 172 .6 1 7 2 7 5 . 4 6 9 9 . 9 3 9 0 . 0 4 1 8 4 . 1 8 3 7 0 . 4 9 8
3 4 2 .3 CFR 15y 0 3 0 9 9 6 158 .6 1 5 8 7 5 .8 0 . 0 3 6 3 . 6 0 3 6
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 165 .9 1 6 5 9 8 .6 0 . 0 3 1 9 3 . 1 9 1 6
River Mile Sample Name Co Co(ppm) Co Std Dev. Cu Cu (ppm) Cu Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 0 . 0 7 3 3 7 . 3 8 0 3 0 . 7 7 3 8 . 1 2 4 8 1 7 . 9 8 1 2 .9 4 3
4 5 5 . 3 J31y  0 3 1 5 9 6 0 . 0 5 9 7 5 .9731 7 .9 8 5 798 .91
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 0 . 0 7 2 2 7 . 2 2 9 0 7 .9 2 3 7 9 3 . 2 8
451.1 3 3 0 x 0 3 1 5 9 6 0 . 0 7 5 6 7 . 5 6 7 6 0 . 6 2 3 7 .8 3 7 7 8 4 . 4 9 9 9 . 0 8 9
451.1 J30y  0 3 1 5 9 6 0 .0791 7 . 9 0 6 9 6 .7 4 8 6 7 4 . 5 3
451.1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 0 . 0 8 7 7 8 . 7 7 6 0 8 .7 1 7 8 7 2 . 3 0
4 4 4 . 5 J29x 0 3 1 5 9 6 0 . 0 6 6 9 6 .6 9 5 7 0 . 4 3 3 5 . 6 9 4 5 6 9 . 8 8 8 4 . 9 8 5
4 4 4 . 5 J29y  0 3 1 5 9 6 0 .0741 7 . 4 2 9 2 6 .3 0 7 6 3 2 . 3 4
4 4 4 . 5 J 2 9 z 0 3 1 5 9 6 0 . 0 7 4 3 7 . 4 6 1 4 7 .3 4 9 7 3 8 . 0 P
4 4 3 . 3 3 2 8 x 0 3 1 5 9 6 0 . 0 8 1 5 8 .1 5 6 3 1.582 4 . 8 9 3 4 8 9 . 6 8 3 17 .151
4 4 3 . 3 3 2 8 y 0 3 1 5 9 6 0 . 0 7 3 4 7 . 3 4 3 6 4 . 0 0 4 4 0 0 . 6 0
4 4 3 . 3 3 28z  0 3 1 5 9 6 0 . 1 0 3 5 1 0 .3 9 8 5 9 . 8 4 4 989 .01
434 .1 3 2 7 x 0 3 1 5 9 6 0 . 0 8 7 4 8 . 7 4 4 6 0 . 2 4 8 9 .35 9 3 5 . 5 0 3 6 . 4 7 4
434 .1 327y  0 3 1 5 9 6 0 . 0 8 2 8 8 .2 8 0 9 8.691 8 6 9 . 1 9
434 .1 327z  0 3 1 5 9 6 0 . 0 8 6 4 8 .6 6 3 2 9 .2 6 2 9 2 8 . 6 8
429 .1 326x 0 3 1 5 9 6 0 . 0 6 7 7 6 . 7 6 6 6 0 . 3 9 6 3 .4 1 8 3 4 1 .6 3 4 7 . 0 7 8
429 .1 326y  0 3 1 5 9 6 0 . 0 7 5 7 .4 9 7 2 3 .732 3 7 3 . 0 6
429 .1 3 2 6 z 0 3 1 5 9 6 0 . 0 7 4 7 .3 9 6 9 2 .8 0 6 2 8 0 . 4 8
4 1 6 . 8 3 2 5 x 0 3 1 5 9 6 0 .0691 6 .9 1 0 7 0 . 2 1 5 2 .9 8 7 ' 2 9 8 . 7 3 2 4 . 8 7 6
4 1 6 . 8 325y  0 3 1 5 9 6 0 .0651 6 .5 0 3 9 3 .009 3 0 0 . 6 2
4 1 6 . 8 325z  0 3 1 5 9 6 0 . 0 6 5 8 6 .5 8 8 3 3 .423 3 4 2 . 7 3
4 1 1 . 8 3 2 4 y 0 3 1 5 9 6 0 . 0 7 5 8 7 .5 7 7 3 0 . 5 1 7 5 .8 4 4 5 8 4 . 1 9 5 1 .4 6 2
4 1 1 . 8 324z  0 3 1 5 9 6 0 . 0 7 5 7 .4 9 7 2 4 .8 4 4 8 3 . 8 2
4 1 1 . 8 3 2 4 x 0 3 1 5 9 6 0 . 0 8 4 5 8 .4301 5 .155 5 1 4 .2 9
4 0 2 . 6 3 2 3 x 0 3 1 5 9 6 0 . 0 7 8 4 7 . 8 7 5 6 1 .000 3 .3 6 9 3 3 8 .4 3 8 .841
4 0 2 . 6 323y 0 3 1 5 9 6 0 .0651 6 .5 1 3 5 3 .546 3 5 4 .7 9
4 0 2 . 6 3 2 3 z 0 3 1 5 9 6 0 . 0 8 4 5 8 .4 6 2 5 3 .5 1 9 3 5 2 .4 2
3 9 6 . 6 J 2 2 x 0 3 1 5 9 6 0 . 0 7 7 7 .7031 0 . 5 7 8 3.741 3 7 4 .2 5 4 8 . 3 3 3
3 9 6 . 6 J22y  0 3 1 5 9 6 0 . 0 6 6 4 6 . 6 2 7 3 3 . 0 4 4 3 0 3 . 8 2
3 9 6 . 6 J22z  0 3 1 5 9 6 0 .0751 7 . 5 3 0 3 3 .9 5 3 3 9 6 .3 7
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 0 .0771 7.7141 0 . 8 0 2 4 .1 7 4 1 7 . 2 2 3 9 . 6 6 9
3 9 4 . 6 J21y  0 3 1 5 9 6 0 . 0 9 1 4 9 . 2 2 6 5 4 . 9 0 8 4 9 5 . 4 4
3 9 4 . 6 J 2 1 z 0 3 1 5 9 6 0 .0891 8 .9331 4 . 6 6 6 467 .81
3 8 8 . 4 J20x 0 3 1 5 9 6 0 .0 7 3 1 7 . 3 3 3 6 0 . 9 5 6 3 .4 5 5 346.61 7 3 . 0 0 3
3 8 8 . 4 J 2 0 y 0 3 1 5 9 6 0 . 0 5 5 9 5 .5911 2 . 2 6 6 2 2 6 . 6 4
3 8 8 . 4 J 2 0 z 0 3 1 5 9 6 0 . 0 7 1 4 7 . 1 4 5 9 3 . 5 8 4 3 5 8 . 7 0
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 0 . 0 6 3 8 6 .3 7 2 3 0 . 4 2 4 3 .0 0 8 3 0 0 . 4 4 3 7 . 4 6 6
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 0 . 0 5 5 8 5 .5 7 8 7 2 .2 6 3 2 2 6 . 2 5
3 8 1 .8 CFR/Rk Cr 2z  0 3 0 2 9 6 0 .0571 5 .7 1 4 7 2 .54 254 .21
3 7 8 .9 1 x 0 3 0 2 9 6 0 . 0 6 9 6 .9 1 4 7 0 . 3 5 9 3 .4 8 3 3 4 9 . 0 4 5 1 . 5 5 4
3 7 8 .9 l y  0 3 0 2 9 6 0 . 0 6 6 7 6 .7 2 8 2 2 .5 9 2 2 6 1 . 4 6
3 7 8 .9 Iz  0 3 0 2 9 6  7 / 2 3 / 9 6 0 . 0 7 4 2 7 . 4 2 1 5 3 .5 2 3 3 5 2 .3 7
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 0 . 0 6 3 6 6.3641 0 . 8 8 3 2 .0 5 7 2 0 5 .8 3 69 .831
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 0 . 0 5 8 6 5 .8 7 0 7 2 ,0 8 2 2 0 8 . 5 8
3 7 0 . 4 TurFishAc. 3z 0 3 0 2 9 6 0 .081 8 . 0 9 1 6 3 .7 1 2 3 7 0 .8 2
3 7 0 . 3 Turah Br. 3v 0 3 0 8 9 6 0 . 0 7 4 4 7 .4 4 5 7 2 .9 6 7 2 9 6 . 9 3
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 0 . 0 7 2 2 7.2221 ^  3 .0 0 6 3 0 0 . 6 9
3 6 5 . 8 Res. 4x 0 3 0 2 9 6 0 . 0 5 6 6 5 .6 6 0 2 0.251 3 .8 3 9 3 8 3 .9 2 2 8 . 8 6 9
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 0 . 0 5 1 2 5.2981 3 .3 5 4 3 4 7 . 0 6
3 6 5 . 8 Res. 4z  0 3 0 2 9 6 0 . 0 5 7 5 5 .7 7 9 8 4 . 0 1 9 4 0 3 . 9 8
3 6 5 . 6 CFR 23u 0 3 1 5 9 6 0 . 0 7 4 2 7 . 4 1 5 5 1 .810 3 .4 8 8 3 4 8 . 5 9 1 1 3 7 . 8 2 7
3 6 5 . 6 CFR 23v  0 3 1 5 9 6 0 . 0 5 5 8 5 . 5 8 6 6 4 .1 9 7 4 2 0 . 1 9
3 6 5 . 6 CFR 2 3 w  0 3 1 5 9 6 0 . 0 6 0 7 6 .0861 3 .5 1 5 3 5 2 . 4 3
3 6 5 . 6 CFR 2 3 x 0 3 1 5 9 6 0 . 1 0 2 2 1 0 .2 2 4 0 3 1 .69 3 1 7 0 . 2 6
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 0 . 0 6 0 3 6 .0 2 3 3 3 .947 3 9 4 . 2 6
3 6 5 . 6 CFR 2 3 z  0 3 1 5 9 6 0 . 0 5 4 9 5 . 4 9 5 9 4 . 0 4 3 4 0 4 . 7 3
3 6 4 . 9 BFR 7v 0 3 0 8 9 6 0 . 0 4 8 7 4 . 9 0 3 3 0 . 8 6 8 0 . 2 1 5 2 2 1 .6 7 1.961
3 6 4 .9 BFR 7w 0 3 0 8 9 6 0 . 0 5 6 3 5 . 6 5 5 6 0 . 2 1 9 7 2 2 .0 7
3 6 4 .9 BFR 7x 0 3 0 8 9 6 0 . 0 4 0 5 4 . 0 6 7 5 0 . 2 1 0 3 2 1 .1 2
3 6 4 .9 BFR 7y 0 3 0 8 9 6 0 . 0 3 5 5 3 . 5 4 5 6 0 . 2 2 0 3 2 2 .0 0
3 6 4 .9 BFR I z  0 3 0 8 9 6 0 . 0 3 7 5 3 . 8 1 5 8 0 .1711 17.41
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 0 . 0 4 2 8 4 ,2771 0 . 3 1 6 3 .1 9 7 3 1 9 . 4 8 2 1 . 4 5 7
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 0 .0491 4 . 9 0 7 3 3 . 6 2 6 3 6 2 . 4 0
3 6 4 .6 CFR 5z  0 3 0 2 9 6 0 . 0 4 5 6 4 .5591 3 .4 1 2 3 4 1 . 1 3
3 6 4 .5 CFR 22x 0 3 1 3 9 6 0 .0671 6 . 7 0 8 9 0 . 5 6 9 12.2 1219 .81 3 0 4 . 8 3 0
3 6 4 .5 CFR 22y  0 3 1 3 9 6 0 . 0 5 6 6 5 . 6 6 9 3 6 . 8 1 3 6 8 2 . 4 2
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 0 . 0 5 6 7 5 . 7 9 0 2 6 .8 7 2 7 0 1 . 7 6
3 6 3 .9 CFR 8x 0 3 0 8 9 6 0 . 0 6 1 9 6 . 2 0 8 9 0 . 7 7 6 6 .5 6 3 6 5 8 . 3 0 2 1 4 . 9 6 6
3 6 3 .9 CFR 8y 0 3 0 8 9 6 0 .0511 5 . 1 2 0 6 4 . 2 6 5 4 2 7 . 3 9
3 6 3 .9 CFR 8z  0 3 0 8 9 6 0 . 0 6 6 3 6 . 6 2 2 4 8 .5 7 9 8 5 6 . 9 2
3 6 2 .9 CFR 9x 0 3 0 8 9 6 0 . 0 7 4 9 7 . 5 0 0 6 0 . 9 3 0 12 .57 1 2 5 8 .7 8 3 4 8 . 4 6 7
3 6 2 .9 CFR 9y 0 3 0 8 9 6 0 .0 5 9 5 . 8 9 7 8 8 .02 8 0 1 . 7 0
3 6 2 .9 CFR 9z  0 3 0 8 9 6 0 . 0 5 8 8 5 .8 8 2 2 5 .7 4 4 5 7 4 .6 2
3 6 2 .3 6x 0 3 0 2 9 6 0 . 0 6 5 5 6 .5581 0 . 2 0 5 7 . 5 4 8 7 5 5 . 7 3 4 3 . 3 3 7
3 6 2 .3 6y 0 3 0 2 9 6 0 . 0 6 2 7 6 . 3 0 1 6 6 .8 4 6 8 7 . 4 5
3 6 2 .3 6z  0 3 0 2 9 6 0 . 0 6 1 5 6 . 1 5 2 3 6.751 6 7 5 . 3 5
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 0 . 0 5 6 7 5 .6 8 1 7 0 . 3 7 6 4 . 6 8 3 4 6 9 . 2 7 3 9 . 5 6 2
3 6 1 .2 CFR 21y  0 3 1 3 9 6 0 . 0 4 9 8 4 .9801 4 . 3 5 5 4 35 .51
3 6 1 .2 C F R 2 1 z 0 3 1 3 9 6 0 . 0 5 0 7 5 . 0 9 7 6 3 .8 8 3 390 .41
3 6 0 . 6 CFR 2 0 x 0 3 1 3 9 6 0 . 0 5 4 5 5 . 4 6 1 6 0 .641 3.571 3 5 7 . 8 6 1 6 2 . 1 6 3
3 6 0 . 6 CFR 2 0 y 0 3 1 3 9 6 0 . 0 5 8 5 5 .8 4 7 3 5 .783 5 7 8 . 0 4
3 6 0 . 6 CFR 2 0 z  0 3 1 3 9 6 0 . 0 6 7 6 . 7 1 2 7 6 .729 6 7 4 . 1 8
3 5 9 .9 CFR 1 0 x 0 3 0 8 9 6 0 . 0 5 5 8 5 .5 7 1 2 0 . 4 9 4 3.8 3 7 9 . 4 0 1 0 4 .0 4 7
3 5 9 .9 CFR lOy 0 3 0 8 9 6 0 . 0 6 5 5 6 . 5 5 6 3 5 .7 7 6 5 7 8 .1 5
3 5 9 . 9 CFR lOz 0 3 0 8 9 6 0 . 0 6 1 3 6 . 1 3 6 5 5 .3 1 6 5 3 2 . 1 6
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 0 . 0 5 3 5.3031 0 . 1 7 0 3 .23 3 2 3 . 1 9 5 2 . 3 3 5
3 5 8 .7 CFR l l y  0 3 0 8 9 6 0 . 0 5 3 3 5 . 3 2 7 0 3 .49 3 4 8 . 8 0
35 8 .7 CFR l l z  0 3 0 8 9 6 0 .0 5 6 1 5 .6 0 8 5 4 . 2 4 4 2 3 . 8 9
3 5 7 .5 CFR 12x 0 3 0 9 9 6 0 . 0 6 9 8 6 . 9 9 0 4 0.951 5 .617 5 6 2 . 5 4 8 9 . 9 4 2
3 5 7 .5 CFR 12y 0 3 0 9 9 6 0 .0 5 3 1 5 . 3 0 3 8 4 . 1 6 2 415 .7 1
3 5 7 . 5 CFR 12z 0 3 0 9 9 6 0 .0531 5 . 3 8 5 6 5.71 5 7 9 . 1 3
3 5 5 .3 CFR 13x 0 3 0 9 9 6 0 . 0 7 4 6 7 . 4 8 2 0 0 . 7 2 8 13 .18 1 3 2 1 . 8 9 4 2 1 . 2 5 6
3 5 5 .3 CFR 13y 0 3 0 9 9 6 0 . 0 6 6 . 0 3 4 6 5 .4 7 2 5 5 0 . 3 6
3 5 5 .3 CFR 13z  0 3 0 9 9 6 0 . 0 6 9 6 . 9 0 1 3 12 .29 1 2 2 9 . 2 4
352 CFR 1 6 x 0 3 0 9 9 6 0 . 0 5 8 8 5 . 8 8 7 5 0 . 4 7 9 6 .7 8 5 6 7 9 . 3 6 1 0 7 . 9 4 8
3 5 2 CFR 16y 0 3 0 9 9 6 0 . 0 5 4 2 5 . 4 1 9 8 4 . 7 4 2 4 7 4 . 1 8
3 5 2 CFR 16z 0 3 0 9 9 6 0 . 0 6 3 6 6 . 3 7 7 0 5 .1 7 2 5 1 8 .5 9
3 5 0 . 4 BRR 2 4 w 0 3 1 5 9 6 0 . 0 2 8 8 2 . 8 8 2 4 0 . 4 5 0 0 .0761 7 .62 1 .282
3 5 0 .4 BRR 2 4 x 0 3 1 5 9 6 0 . 0 3 1 5 3 . 1 5 3 5 0 .0941 9 .42
3 5 0 . 4 BRR 24y  0 3 1 5 9 6 0 . 0 3 7 4 3 . 7 6 1 0 0 . 1 0 0 4 10 .10
3 5 0 . 4 BRR 2 4 z 0 3 1 5 9 6 0 . 0 2 8 2 . 8 1 9 6 0 . 0 8 3 4 8 .4 0
3 4 6 .9 CFR 1 4 x 0 3 0 9 9 6 0 .0601 6 . 0 0 6 6 0 . 4 4 2 6.471 6 4 6 . 7 3 1 2 9 .9 7 7
3 4 6 .9 CFR 14y 0 3 0 9 9 6 0 . 0 6 7 4 6 .7 5 0 5 3 .8 7 5 388 .11
3 4 6 .9 CFR 14z 0 3 0 9 9 6 0 . 0 5 9 7 5 .9651 4.951 4 9 4 . 6 9
3 4 2 ,3 CFR 1 5x 0 3 0 9 9 6 0 .0621 6 .2 1 5 5 0 . 3 6 0 5 .345 5 3 4 . 9 8 73.471
3 4 2 .3 CFR 15y 0 3 0 9 9 6 0 . 0 5 5 6 5 . 5 6 5 5 5 .3 2 4 5 3 2 . 9 3
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 0 . 0 5 6 2 5 .6 2 2 9 4 .0 6 5 406 .71
River Mile Sample Name Fe Fe (ppm) Fe Std Dev. Mg Mg (ppm) Mg Std Dev.
4 5 5 . 3 3 3 1 x 0 3 1 5 9 6 186.1 1 8 7 3 7 . 8 2 6 0 6 . 5 9 9 4 6 4 6 3 1 . 6 8 9 3 . 0 9 3
4 5 5 . 3 J 3 1 y 0 3 1 5 9 6 14 0 .4 1 4 0 4 7 .2 2 9 . 7 6 2 9 7 7 .5
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 18 3 .4 1 8 3 6 2 .8 4 3 . 8 3 4 3 8 8 . 4
451 .1 J30x 0 3 1 5 9 6 149 .9 15005 .1 2 5 1 7 . 5 1 3 3 9 .9 9 4 0 0 3 . 0 9 9 8 . 4 3 7
451 .1 J30y  0 3 1 5 9 6 187.1 1 8 7 0 2 .6 5 7 .4 2 5 7 3 9 . 7
451 .1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 198 1 9 8 1 3 . 6 57.21 5 7 2 4 .9
4 4 4 . 5 3 2 9 x 0 3 1 5 9 6 157 .6 1 5 7 7 3 .3 1 0 3 3 . 6 4 8 4 3 . 6 8 4 3 7 1 . 7 3 7 2 . 8 2 8
4 4 4 . 5 329y 0 3 1 5 9 6 177.7 17816 .1 5 1 .0 2 5 1 1 5 . 2
4 4 4 . 5 329z  0 3 1 5 9 6 164 .5 1 6 5 1 9 . 6 4 6 . 7 5 4 6 9 4 . 8
4 4 3 . 3 3 2 8 x 0 3 1 5 9 6 151 .7 1 5 1 8 1 .7 3 5 4 0 . 3 3 8 4 9 . 1 5 4 9 1 8 . 8  1 4 1 0 . 3 9 4
4 4 3 . 3 328y  0 3 1 5 9 6 147.1 1 4 7 1 7 .2 4 7 . 9 8  ^ 4 8 0 0 . 3
4 4 3 . 3 328z  0 3 1 5 9 6 2 0 9 .7 2 1 0 6 8 . 3 5 5 .3 7 5 5 6 3 . 0
434 .1 3 2 7 x 0 3 1 5 9 6 2 0 5 .5 2 0 5 6 0 . 9 1 9 1 9 . 7 9 5 62.11 6 2 1 4 . 3 5 1 3 . 3 3 6
434 .1 327y  0 3 1 5 9 6 167 .5 1 6 7 5 1 .7 5 2 .7 4 5 2 7 4 .5
434 .1 327z  0 3 1 5 9 6 181 .9 1 8 2 3 8 .7 53 .7 2 5 3 8 6 . 4
429 .1 326x 0 3 1 5 9 6 153 .4 1 5 3 3 2 .2 9 6 0 . 9 0 9 48.31 4 8 2 8 . 5 3 5 6 . 8 9 5
429 .1 3 2 6y 0 3 1 5 9 6 163 .6 1 6 3 5 3 .9 5 4 . 3 6 5 4 3 4 . 0
429.1 326z  0 3 1 5 9 6 172 .6 1 7 2 5 2 .7 54.61 5 4 5 8 .7
4 1 6 . 8 325x 0 3 1 5 9 6 127 .4 12 7 4 1 .2 4 3 3 . 6 3 4 4 5 . 1 6 4 5 1 6 . 4 8 9 . 1 4 0
4 1 6 . 8 325y  0 3 1 5 9 6 133.2 1 3 3 0 7 .6 4 4 . 2 3 4 4 1 8 . 9
4 1 6 . 8 325z  0 3 1 5 9 6 124 .4 1 2 4 5 5 .6 4 3 . 3 3 4 3 3 8 . 4
4 1 1 . 8 324y  0 3 1 5 9 6 141 .6 1 4 1 5 5 .0 1 3 0 4 . 8 4 0 4 4 . 5 8 4 4 5 6 . 4 4 4 0 . 9 8 8
4 1 1 . 8 3 2 4 z 0 3 1 5 9 6 132 .8 1 3 2 7 5 .0 4 5 . 1 4 4 5 1 2 . 3
4 1 1 . 8 3 2 4 x 0 3 1 5 9 6 158 .8 15 8 4 2 .7 5 2 .5 9 5 2 4 6 . 6
4 0 2 . 6 3 2 3 x 0 3 1 5 9 6 130.1 13069.1 2 1 7 3 .3 4 1 5 8 .8 5 5 9 1 1 .7 5 7 8 . 5 2 5
4 0 2 . 6 323y  0 3 1 5 9 6 100.1 1 0 0 1 5 .3 5 1 .2 7 5 1 2 9 .7
4 0 2 . 6 3 2 3 z 0 3 1 5 9 6 142 1 4 2 2 1 .0 62 .5 6 2 5 9 .2
3 9 6 . 6 J22x 0 3 1 5 9 6 137 .9 1 3 7 9 5 . 5 4 1 8 . 1 6 7 5 7 .0 2 5 7 0 4 . 3 2 3 3 . 7 5 3
3 9 6 .6 J22y  0 3 1 5 9 6 130 .3 1 3 0 0 5 . 0 5 2 .5 8 5 2 4 7 . 9
3 9 6 . 6 J 22z  0 3 1 5 9 6 136 1 3 6 3 6 . 8 5 5 .4 9 5 5 6 4 . 0
3 9 4 . 6 J 2 1 x 0 3 ^ 5 9 6 149 .9 1 4 9 9 8 . 0 1209 .711 5 4 .4 2 5 4 4 4 . 9 5 8 0 . 5 9 2
3 9 4 .6 J 2 1 y 0 3 1 5 9 6 1 7 2 .2 1 7 3 8 3 . 0 6 5 .4 6 6 0 1 . 9
3 9 4 . 6 J 2 l z 0 3 1 5 9 6 165 1 6 5 4 2 . 9 6 0 . 9 3 6 1 0 8 . 8
3 8 8 . 4 J20x 0 3 1 5 9 6 151.1 1 5 1 5 8 . 7 1 5 9 8 . 1 4 4 7 7 .1 3 7 7 3 7 . 9 6 6 8 . 4 7 0
3 8 8 . 4 J20y  0 3 1 5 9 6 121 1 2 1 0 2 . 3 8 3 . 8 8 8 3 8 9 . 6
3 8 8 .4 J 2 0 z 0 3 1 5 9 6 128.1 1 2 8 2 0 . 6 7 0 .4 7 7 0 5 2 . 8
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 120 .3 1 2 0 1 5 . 4 4 9 4 . 3 0 4 6 2 . 3 6 6 2 2 8 . 4 5 5 6 . 8 0 3
3 8 1 .8 CFR/Rk Cf 2y 0 3 0 2 9 6 125 .5 12547 .1 5 9 . 9 8 5 9 9 6 . 6
3 8 1 . 8 CFR/Rk Cr 2z 0 3 0 2 9 6 115 .5 1 155 9 .5 5 1 .6 5 5 1 6 9 . 2
3 7 8 . 9 1 x 0 3 0 2 9 6 125 .6 1 2 5 8 6 .8 7 6 7 . 8 8 8 4 4 . 2 2 4 4 3 1 . 4 9 2 9 . 5 8 8
3 7 8 .9 l y  0 3 0 2 9 6 134 .4 1 3 5 5 7 .2 6 0 .6 6 1 1 2 . 8
3 7 8 .9  “ 1 I z  0 3 0 2 9 6  7 / 2 3 / 9 6 141 1 4 1 0 2 .9 5 9 . 5 8 5 9 5 9 .2
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 119 1 1 9 0 7 .7 1 4 8 5 .4 3 2 4 2 . 9 5 4 2 9 7 . 8 4 4 8 . 4 8 7
3 7 0 . 4 Turah 6r. 3y  0 3 0 2 9 6 107 .8 1 0 7 9 9 .6 4 1 . 1 8 4 1 2 5 . 5
3 7 0 . 4 TurFishAc. 3z  0 3 0 2 9 6 148 .7 1 4 8 5 4 .6 5 2 .4 5 2 3 4 . 6
3 7 0 .3 Turah 8r. 3v 0 3 0 8 9 6 127 .2 1 2 7 2 9 .8 48 .21 4 8 2 4 . 7
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 124 .7 1 2 4 7 3 .6 4 8 . 3 3 4 8 3 4 . 4
3 6 5 . 8 Res. 4x  0 3 0 2 9 6 91 .7 9 1 7 0 . 4 4 5 6 . 2 6 4 3 1 .5 4 3154.1 r T 5 3 . 3 1 6
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 8 4 .3 4 8 7 2 7 . 3 2 8 . 7 4 2 9 7 4 . 0
3 6 5 . 8 Res. 4 z  0 3 0 2 9 6 9 5 .9 9 6 3 9 . 7 3 2 .6 2 3 2 7 8 . 9
3 6 5 . 6 CFR 23u 0 3 1 5 9 6 138 .2 1 3 8 1 1 .6 4 8 6 5 . 0 3 5 5 8 .3 3 5 8 2 9 . 4 8 4 4 . 5 3 2
3 6 5 . 6 CFR 23v  0 3 1 5 9 6 104.3 1 0 4 4 2 .2 36 .7 7 3 6 8 1 . 3
3 6 5 . 6 CFR 23w  0 3 1 5 9 6 136 13636 .1 4 1 .7 4181 .1
3 6 5 .6 CFR 23x 0 3 1 5 9 6 2 3 2 .9 2 3 2 9 9 . 2 3 9 .4 9 3 9 5 0 . 6
3 6 5 .6 CFR23y 0 3 1 5 9 6 107 .6 1 0 7 4 8 .0 3 7 .6 6 3 7 6 1 . 8
3 6 5 .6 CFR 23 z  0 3 1 5 9 6 110.5 1 1 0 6 1 .8 3 5 .6 7 3 5 7 0 . 8
s
3 6 4 .9 BFR 7v 0 3 0 8 9 6 107 .3 1 0 8 0 3 .3 2 9 6 1 . 6 1 5 5 9 .0 4 5 9 4 4 ,3 1 4 2 1 . 5 4 6
3 6 4 .9 BFR 7w 0 3 0 8 9 6 130 .4 1 3 0 9 9 .2 6 8 . 3 6 6 8 6 7 . 0
3 6 4 . 9 BFR 7x 0 3 0 8 9 6 7 2 .2 5 7 2 5 6 . 3 40 .41 4 0 5 8 . 5
3 6 4 .9 BFR 7y 0 3 0 8 9 6 6 0 .7 7 6 0 6 9 . 4 35.1 3 5 0 5 . 6
3 6 4 .9 BFR 7z  0 3 0 8 9 6 70.11 7 1 3 4 . 0 4 1 .4 4 2 1 2 . 6
3 6 4 .6 CFR 5x 0 3 0 2 9 6 8 9 .9 9 8 9 9 2 . 9 1 4 1 6 . 0 4 3 34.41 3 4 3 8 .7 3 3 3 . 5 7 5
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 115 .9 1 158 3 .5 4 0 . 5 2 4 0 4 9 . 7
3 6 4 . 6 CFR 5z 0 3 0 2 9 6 9 2 .9 9 9 2 9 7 . 2 3 5 .1 3 3 5 1 2 . 3
3 6 4 .5 CFR 22x  0 3 1 3 9 6 122 .5 12248 .1 9 5 3 . 8 2 5 3 6 .3 4 3 6 3 3 . 4 2 6 1 . 2 9 7
3 6 4 .5 CFR 22y  0 3 1 3 9 6 110 .8 1 1 0 9 8 .2 4 0 .2 3 4 0 2 9 . 6
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 101 .4 1 0 3 5 4 .9 3 4 .6 3 3 5 3 6 . 4
3 6 3 .9 CFR 8x 0 3 0 8 9 6 111 .8 11214 .1 3 6 9 . 7 4 5 3 7 , 0 6 3 7 1 7 .3 1 9 .9 4 4
3 6 3 .9 CFR 8y 0 3 0 8 9 6 106 .7 1 0 6 9 2 .2 3 7 . 1 8 3 7 2 5 . 7
36 3 .9 CFR 8z  0 3 0 8 9 6 114 .2 1 1 4 0 6 .9 3 6 .92 3 6 8 7 . 8
3 6 2 .9 CFR 9x 0 3 0 8 9 6 151.1 1 5 1 3 1 . 4 2 2 2 9 .5 3 9 ^ 4 5 . 1 8  j 4 5 2 4 . 4 2 8 8 . 5 8 7
3 6 2 .9 CFR 9y 0 3 0 8 9 6 113 1 1 2 9 5 .8 41 .11 4 1 0 9 . 5
3 6 2 .9 CFR 9z  0 3 0 8 9 6 1 12 .4 1 1 2 4 4 .2 3 9 .6 8 3 9 6 9 .5
3 6 2 .3 6 x 0 3 0 2 9 6 123.9 1 2 4 0 5 .2 1 4 1 . 9 2 0 4 4 . 7 9 4 4 8 4 . 5 3 8 . 9 0 7
3 6 2 .3 6y  0 3 0 2 9 6 122.2 1 2 2 8 1 .6 43.91 4413 .1
3 6 2 .3 6z 0 3 0 2 9 6 125 .6 1 2 5 6 4 .7 4 4 . 7 4 4 4 7 5 . 7
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 130 .8 1 3 1 0 7 .0 1299 .291 4 6 . 8 9 4 6 9 8 . 7 3 9 8 . 4 4 6
3 6 1 .2 CFR 21y  0 3 1 3 9 6 114 .4 1 1 4 4 0 .2 3 9 .2 7 3927.1
3 6 1 .2 CFR 2 1 z  0 3 1 3 9 6 104 .9 10547.1 4 1 . 1 8 4 1 4 0 . 4
3 6 0 .6 CFR 20x 0 3 1 3 9 6 107 1 0 7 2 2 .7 1 3 9 8 .1 6 2 4 0 . 8 8 4 0 9 6 . 7 3 5 7 . 2 0 6
3 6 0 .6 CFR 20y  0 3 1 3 9 6 107 .9 10785.1 4 1 . 1 4 4112 .1
3 6 0 . 6 CFR 2 0 z 0 3 1 3 9 6 131 .5 1 3 1 7 5 .0 4 7 . 1 4 4 7 2 3 . 0
35 9 .9 CFR lOx 0 3 0 8 9 6 108 .3 1 0 8 1 2 .9 8 5 9 . 1 5 7 40.61 4 0 5 4 . 6 1 9 9 .7 4 3
3 5 9 .9 CFR lOy 0 3 0 8 9 6 118 1 1 8 1 1 .3 42.21 4 2 2 5 . 0
3 5 9 .9 CFR lOz 0 3 0 8 9 6 125.1 12 5 2 3 .2 4 4 . 4 8 4 4 5 2 . 7
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 100 .5 1 0 0 5 5 .9 1 0 7 3 . 0 1 6 3 8 .9 2 3 8 9 4 . 3 1 6 4 . 7 4 8
3 5 8 .7 CFR l l y  0 3 0 8 9 6 120 .7 1 2 0 6 3 .2 4 1 . 1 6 4 1 1 3 . 7
3 5 8 .7 CFR l l z  0 3 0 8 9 6 117 .2 1 1 7 1 6 .9 4 2 . 1 8 4 2 1 6 . 9
3 5 7 .5 CFR 1 2x 0 3 0 9 9 6 130 1 3 0 1 9 . 4 2 4 3 9 . 4 4 7 4 6 . 9 9 4 7 0 6 . 0 8 9 2 . 1 5 7
3 5 7 .5 CFR 12y 0 3 0 9 9 6 1 1 8 .4 1 1 8 2 6 . 2 4 2 . 8 7 4 2 8 2 . 0
3 5 7 .5 CFR 1 2z 0 3 0 9 9 6 8 2 .0 9 8 3 2 5 . 8 29.51 2 9 9 3 . 0
3 5 5 .3 CFR 1 3 x 0 3 0 9 9 6 145 1 4 5 4 2 .9 1250 .621 4 1 . 5 2 4 1 6 4 . 3 2 8 3 . 9 0 3
3 5 5 .3 CFR 13y 0 3 0 9 9 6 131 1 3 1 7 5 .5 44.11 4 4 3 6 . 4
3 5 5 .3 CFR 13z 0 3 0 9 9 6 156 .7 1 5 6 7 3 . 0 47.31 4 7 3 1 . 9
3 5 2 CFR 16x 0 3 0 9 9 6 103 .9 1 0 4 0 3 .2 1 5 6 7 . 6 6 4 3 7 .8 6 3 7 9 0 . 8 5 5 2 . 8 0 9
3 5 2 CFR 1 6y 0 3 0 9 9 6 112 .7 1 1 2 6 9 . 6 4 3 .2 4 3 1 9 . 9
3 5 2 CFR 16z 0 3 0 9 9 6 134.1 1 3 4 4 5 .9 4 8 . 8 3 4896 .1  ^
3 5 0 . 4 BRR 2 4 w 0 3 1 5 9 6 65 .8 7 6 5 9 2 . 5 1 0 4 1 . 1 5 0 21.61 2 1 6 2 . 8 4 1 2 . 5 8 7
3 5 0 . 4 BRR 24x 0 3 1 5 9 6 75 .2 7 5 2 8 . 4 2 4 .6 7 2 4 6 9 . 8
3 5 0 . 4 BRR 24y  0 3 1 5 9 6 8 6 .2 3 8 6 7 1 . 4 2 9 .6 3 2 9 7 9 . 6
3 5 0 . 4 BRR 2 4 z 0 3 1 5 9 6 6 0 . 0 6 6 0 4 8 . 0 1 9 .97 2 0 1 1 . 0
3 4 6 . 9 CFR 14x 0 3 0 9 9 6 102.2 1 0 2 1 4 .2 2 4 2 4 . 9 2 5 3 7 .5 2 3 7 4 9 . 9 5 2 2 . 9 4 9
3 4 6 .9 CFR 14y 0 3 0 9 9 6 146 .3 1 4 6 5 2 . 9 4 7 . 8 8 4 7 9 5 . 5
3 4 6 . 9 CFR 14z 0 3 0 9 9 6 107 .5 10741 .1 4 2 .9 7 4 2 9 3 . 4
3 4 2 . 3 CFR 1 5x 0 3 0 9 9 6 111 .9 1 1 2 0 0 . 0 8 9 6 . 9 7 9 3 9 .7 4 3 9 7 7 . 5 3 2 6 . 4 4 0
3 4 2 . 3 CFR 15y 0 3 0 9 9 6 9 4 .4 5 9 4 5 4 . 4 3 4 .4 2 3 4 4 5 . 4 -------------------
3 4 2 . 3 CFR 15z 0 3 0 9 9 6  7 / 2 3 106 .8 1 0 6 8 5 . 5 4 0 .3 7 4039 .1
00
o
River Mile Sample Name Mn Mn (ppm) Mn Std Dev. Na N a(ppm) Na Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 2 2 .3 9 2 2 5 4 . 4 3 2 0 . 4 3 9 0 . 9 9 0 8 9 9 . 7 6 0 1 2 .3 8 6
4 5 5 . 3 J31y  0 3 1 5 9 6 18 .52 1 8 52 .9 0 .7 5 2 7 5 . 2 3 9
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 16 .19 1 6 2 1 ,0 0 . 9 0 4 3 9 0 . 5 4 2
451.1 J30x  0 3 1 5 9 6 15 .68 1 5 6 9 . 6 ^ 6 3 4 . 4 9 2 0 . 6 9 6 8 6 9 . 7 5 0 1 9 .5 9 0
451.1 J 3 0 y 0 3 1 5 9 6 11 .17 1 1 1 6 .6 0 . 9 1 1 4 9 1 . 1 0 4
451.1 J 30z  0 3 1 5 9 6  7 / 2 3 / 9 6 2 3 .6 8 2 3 6 9 . 6 1 .088 1 0 8 .8 7 5
4 4 4 . 5 J 2 9 x 0 3 1 5 9 6 7.081 7 0 8 .7 7 7 . 4 8 5 0 . 9 1 1 7 9 1 . 2 4 7 4 7 . 6 9 2
4 4 4 . 5 J29y  0 3 1 5 9 6 8 . 5 8 4 8 6 0 . 6 1 .719 1 7 2 .3 4 6
4 4 4 . 5 J29z  0 3 1 5 9 6 7 .55 7 5 8 .2 0 . 8 7 9 4 8 8 . 3 1 2
4 4 3 . 3 J 2 8 x 0 3 1 5 9 6 8 .4 4 2 8 4 4 .9 1 0 4 .8 4 0 0 . 8 0 0 2  j 8 0 . 0 8 2 2 7 . 5 3 7
4 4 3 . 3 J28y  0 3 1 5 9 6 7 .6 3 7 764.1 0 . 7 8 3 2 7 8 . 3 5 8
4 4 3 . 3 J 28z  0 3 1 5 9 6 9 .6 7 5 9 7 2 . 0 1 .263 1 2 6 .8 9 2
434 .1 J27x 0 3 1 5 9 6 15 .87 1 5 8 7 .8 1 3 7 .7 3 2 1.43 1 4 3 .0 7 6 2 3 . 8 0 6
434.1 J27y  0 3 1 5 9 6 14 .48 1 4 48 .2 0 .9861 9 8 . 6 2 0
434.1 J27z  0 3 1 5 9 6 17 .19 1 7 2 3 .6 1 .058 1 0 6 .0 8 3
429.1 J26x 0 3 1 5 9 6 8 . 5 5 8 8 5 5 . 4 6 9 . 1 9 6 0 . 8 7 9 8 8 7 . 9 3 5 1 0 .3 1 9
429.1 J26y  0 3 1 5 9 6 9 . 1 1 6 9 1 1 .3 1 .079 1 0 7 .8 6 0
429.1 J26z  0 3 1 5 9 6 7 .7 4 7 7 3 .7 1 .026 1 0 2 .5 5 7
4 1 6 . 8 J25x 0 3 1 5 9 6 13.75 1375.1 4 5 . 7 5 2 0 . 9 7 3 9 9 7 . 4 0 0 2 1 . 5 4 5
4 1 6 . 8 J25y  0 3 1 5 9 6 13.17 1 3 1 5 .8 0 .8 8 8 7 . 9 1 8
4 1 6 . 8 J25z  0 3 1 5 9 6 14 .04 1 4 0 5 .8 1 .289 1 2 9 .0 6 2
4 1 1 . 8  ' J24y  0 3 1 5 9 6 17.12 1 7 1 1 .4 7 8 . 9 7 0 0 . 7 4 9 8 7 4 . 9 5 3 1 0 .467
4 1 1 . 8 J 2 4 z 0 3 1 5 9 6 15.69 1 5 6 8 .4 0 . 8 3 3 4 8 3 . 3 0 8
4 1 1 . 8 J 2 4 x 0 3 1 5 9 6 17.02 1 6 9 8 .0 0 . 9 5 9 8 9 5 . 7 5 4
4 0 2 . 6 J 2 3 x 0 3 1 5 9 6 12 .54 1 2 59 .7 2 2 5 . 6 8 4 0 . 9 1 3 9 1 . 7 1 5 1 3 .535
4 0 2 . 6 J23y  0 3 1 5 9 6 9 .4 5 6 946.1 0 . 8 1 3 9 8 1 . 4 3 3
4 0 2 . 6 J 2 3 z 0 3 1 5 9 6 13.82 1 3 8 4 .0 1.081 1 0 8 . 2 6 0
00
3 9 6 .6 J22x 0 3 1 5 9 6 12 .02 1 2 0 2 .5 159 .321 0 , 9 3 9 3 9 3 . 9 6 7 6 . 6 1 6
3 9 6 . 6 J22y  0 3 1 5 9 6 9 . 7 1 5 9 6 9 . 6 0 . 8 1 3 4 8 1 . 1 8 4
3 9 6 . 6 J 2 2 z 0 3 1 5 9 6 12.71 1 2 7 4 .4 0 . 8 4 3 9 8 4 . 6 1 8
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 12.61 1 2 6 1 .7 1 7 8 .2 8 7 0 . 9 1 2 8 9 1 . 3 2 9 1 3 .5 9 4
3 9 4 . 6 J21y  0 3 1 5 9 6 15 .87 16 0 2 .0 1 .174 118 .511
3 9 4 .6 J 2 1 z 0 3 1 5 9 6 15.2 1 5 2 3 .9 1.051 1 0 5 .3 7 3
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 11.7 11 7 3 .8 2 2 9 . 7 8 6 1.043 1 0 4 .6 3 6 1 3 .2 0 0
3 8 8 . 4 J20y  0 3 1 5 9 6 8 . 2 8 5 8 2 8 .7 1 .055 1 0 5 . 5 2 0
3 8 8 . 4 J 2 0 z 0 3 1 5 9 6 12 .63 12 6 4 .0 0 . 8 2 1 6 8 2 . 2 2 8
3 8 1 . 8 CFR/Rk Cr 2x 0 3 0 2 9 6 9 . 7 6 8 9 7 5 . 6 1 2 4 .3 5 9 0 . 8 0 6 6 8 0 . 5 6 2 6 .4 1 5
3 8 1 . 8 CFR/Rk Cr 2y 0 3 0 2 9 6 7 .2 7 2 7 2 7 . 0 0 . 8 9 8 8 8 9 . 8 6 0
3 8 1 . 8 CFR/Rk Cr 2z  0 3 0 2 9 6 8 .4 3 5 8 4 4 .2 0 . 7 7 4 9 7 7 . 5 5 4
3 7 8 . 9 1 x 0 3 0 2 9 6 13 .78 1 3 8 0 .9 212 .451 0 . 7 7 0 8 7 7 . 2 4 5 7 . 3 9 3
3 7 8 .9 l y  0 3 0 2 9 6 9 .5 8 7 967 .1 0 . 8 6 6 8 8 7 . 4 3 6
3 7 8 .9 I z  0 3 0 2 9 6  7 / 2 3 / 9 6 12.57 1 2 5 7 .3 0 . 9 1 6 9 1 . 6 1 9
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 7 . 6 2 8 7 6 3 .3 2 9 0 . 3 4 7 0 .6781 6 7 . 8 5 4 13.551
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 8 .1 1 5 8 1 3 . 0 0 . 5 3 0 4 5 3 . 1 3 6
3 7 0 . 4 TurFishAc. 3z  0 3 0 2 9 6 14 .63 1 4 61 .5 0 .8761 8 7 . 5 2 0
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 11 .57 1 1 5 7 .9 0 . 8 2 1 7 8 2 . 2 3 3
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 11 .98 1 1 98 .3 0 . 7 7 3 8 7 7 .4 0 2
3 6 5 . 8 Res. 4x  0 3 0 2 9 6 8 .0 5 5 8 0 5 .5 8 4 . 8 5 2 0 . 4 5 2 2 4 5 . 2 2 2 5 .6 0 3
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 6 .2 8 3 6 5 0 .2 0 , 3 6 9 9 3 8 . 2 7 6
3 6 5 . 8 Res. 4z  0 3 0 2 9 6 6 .653 6 6 8 .7 0 .4911 r 4 9 . 3 6 5
3 6 5 . 6 CFR 23u 0 3 1 5 9 6 12 .55 1 2 54 .2 3 9 7 . 7 1 2 0 . 8 8 7 7 8 8 . 7 1 6 1 8 .8 3 9
3 6 5 . 6 CFR23V 0 3 1 5 9 6 5 .9 5 9 5 9 6 .6 0 . 6 6 7 9 6 6 . 8 6 8
3 6 5 . 6 CFR 2 3 w  0 3 1 5 9 6 6 .0 1 7 6 0 3 .3 0 . 9 0 5 2 9 0 . 7 6 0
3 6 5 . 6 CFR 2 3 x 0 3 1 5 9 6 14 .86 1 4 8 6 .6 1.15 1 1 5 .0 4 6
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 6 .8 2 7 6 8 1 .9 0 . 7 8 2 3 7 8 . 1 4 3
3 6 5 . 6 CFR 23 z  0 3 1 5 9 6 5 .833 5 83 .9 0 . 6 3 5 6 6 3 . 6 2 8
00K)
3 6 4 .9 BFR 7v 0 3 0 8 9 6 4 . 6 7 2 4 7 0 . 4 8 3 . 1 0 3 0 . 4 8 3 4 8 . 6 3 0 13 .391
3 6 4 .9 BFR 7w 0 3 0 8 9 6 5 . 4 4 4 5 4 6 .9 0 . 5 7 0 5 5 7 . 3 0 9
3 6 4 . 9 BFR 7x 0 3 0 8 9 6 5 .0 2 8 5 0 5 . 0 0 . 3 1 6 8 3 1 . 8 1 7
3 6 4 .9 BFR 7y 0 3 0 8 9 6 5 .55 5 5 4 .3 0 . 2 6 9 2 6 . 8 6 6
3 6 4 . 9 BFR 7z  0 3 0 8 9 6 3 . 4 3 4 3 4 9 . 4 0 . 2 8 9 7 2 9 . 4 7 8
3 6 4 .6 CFR 5x 0 3 0 2 9 6 4 . 8 5 2 4 8 4 . 9 9 . 8 9 7 0 . 4 1 0 2 4 0 . 9 9 2 9 .5 7 5
3 6 4 .6 CFR 5y 0 3 0 2 9 6 5 .0 2 5 50 2 .2 0 . 5 4 2 8 5 4 . 2 5 0
3 6 4 . 6 CFR 5z  0 3 0 2 9 6 5 .0 1 9 5 0 1 .8 0 . 3 5 6 6 3 5 . 6 5 3
3 6 4 .5 CFR 2 2 x 0 3 1 3 9 6 8 .2 3 5 8 2 3 . 4 1 0 9 .7 4 3 0 . 5 5 0 5 55 .041 3.281
3 6 4 .5 CFR 2 2 y  0 3 1 3 9 6 6 .1 7 3 6 1 8 .3 0 . 5 1 9 3 5 2 . 0 1 5
3 6 4 . 5 CFR 2 2 z 0 1 1 3 9 6 6 .3 9 5 653.1 0 . 4 7 4 8 4 8 . 4 8 6
3 6 3 . 9 CFR 8x 0 3 0 8 9 6 6 .0 3 8 6 0 5 . 6 1 4 9 . 5 8 8 0 . 6 6 0 4 66 .241 7 . 5 8 4
3 6 3 .9 CFR 8y 0 3 0 8 9 6 4 . 4 4 5 4 4 5 . 4 0 .6621 6 6 . 3 4 8
3 6 3 .9 CFR 8z  0 3 0 8 9 6 7 .4 5 2 7 4 4 .3 0 . 5 3 2 2 5 3 . 1 5 9
3 6 2 .9 CFR 9x 0 3 0 8 9 6 8 .4 6 7 8 4 7 .9 1 4 1 .5 8 9 0 . 6 4 1 4 64 .231 7 . 0 5 3
3 6 2 .9 CFR 9y 0 3 0 8 9 6 6 .83 68 2 .7 0 . 5 0 4 7 50 .451
3 6 2 .9 CFR 9 z  0 3 0 8 9 6 5 .659 566.1 0 . 5 9 9 3 5 9 . 9 5 3
3 6 2 .3 6 x 0 3 0 2 9 6 7 . 9 9 4 8 0 0 . 4 5 3 .0 2 3 0 . 6 1 0 9 6 1 . 1 6 5 1 .923
3 6 2 .3 6y 0 3 0 2 9 6 7 .0 0 2 7 0 3 .7 0 . 6 2 3 7 6 2 . 6 8 4
3 6 2 .3 6z  0 3 0 2 9 6 7 .1 4 7 1 4 .3 0 . 6 4 9 6 6 4 . 9 8 4
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 5 .432 54 4 .3 2 8 . 0 0 5 0 .7671 7 6 . 8 6 8 9 . 8 2 4
3 6 1 .2 CFR 21y  0 3 1 3 9 6 4 . 8 8 6 4 8 8 . 6 0 . 6 5 1 6 65 .161
3 6 1 .2 C F R 2 1 Z 0 3 1 3 9 6 5 .0 8 7 51 1 .5 0 . 5 7 0 4 57 .351
3 6 0 . 6 CFR 2 0 x 0 3 1 3 9 6 5.011 5 0 2 .2 1 2 5 .4 2 2 0 . 6 1 5 8 61 .711 7 . 5 0 8
3 6 0 . 6 CFR 20y  0 3 1 3 9 6 6 .7 0 7 6 7 0 . 4 0 . 4 9 7 9 4 9 . 7 6 7
3 6 0 . 6 CFR 2 0 z  0 3 1 3 9 6 7 .4 6 7 4 7 . 4 0 . 6 3 5 63 .621
3 5 9 .9 CFR 1 0 x 0 3 0 8 9 6 5 4 9 9 . 2 1 0 7 .5 1 9 0 . 4 6 0 7 4 5 . 9 9 7 1 0 .9 0 4
3 5 9 .9 CFR lOy 0 3 0 8 9 6 7 .1 1 7 7 1 2 . 4 0 . 5 9 8 3 5 9 . 8 8 7
3 5 9 .9 CFR lOz 0 3 0 8 9 6 5 .8 0 7 5 8 1 .3 0 . 6 7 4 3 67 .501
00w
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 4 . 5 3 9 4 5 4 .2 3 2 .5 3 5 0 .4101 4 1 . 0 3 4 1 5 .4 1 0
3 5 8 . 7 CFR l l y  0 3 0 8 9 6 4 . 6 1 6 4 6 1 .3 0 . 7 0 8 3 7 0 . 7 9 0
3 5 8 .7 CFR l l z  0 3 0 8 9 6 5 .1 3 9 5 1 3 .8 0 . 4 8 9 7 4 8 . 9 5 7
3 5 7 .5 CFR 1 2 x 0 3 0 9 9 6 7 .2 3 8 7 2 4 .9 9 9 . 9 7 8 0 . 6 5 6 2 6 5 . 7 1 8 1 6 .2 1 2
3 5 7 .5 CFR 12y 0 3 0 9 9 6 5.511 55 0 .5 0 . 6 2 5 6 2 . 4 2 7
3 5 7 .5 CFR 12z 0 3 0 9 9 6 7 .1 2 2 7 2 2 .3 0 . 3 5 6 3 3 6 .1 3 7
3 5 5 .3 CFR 1 3 x 0 3 0 9 9 6 9 .1 6 7 9 1 9 . 4 1 4 8 .6 2 7 0 . 5 3 6 6 5 3 . 8 1 9 2 2 . 0 9 3
3 5 5 .3 CFR 13y  0 3 0 9 9 6 6.201 62 3 .7 0 . 9 4 2 8 9 4 . 8 2 4
3 5 5 .3 CFR 13z 0 3 0 9 9 6 7 . 9 7 4 7 9 7 .6 0 . 8 8 5 6 8 8 . 5 7 7
3 5 2 CFR 16x 0 3 0 9 9 6 8 . 8 9 4 8 9 0 .5 1 5 7 . 4 4 3 0 . 4 4 2 5 4 4 . 3 0 6 1 8 .3 7 0
3 5 2 CFR 16y 0 3 0 9 9 6 6 .0 6 9 60 6 .9 0 . 6 4 8 5 6 4 . 8 4 8
3 5 2 CFR 16z 0 3 0 9 9 6 6 . 2 8 6 63 0 .3 0 . 8 0 7 4 8 0 . 9 5 6
3 5 0 . 4 BRR 2 4 w 0 3 1 5 9 6 2 .2 7 3 22 7 .5 2 1 . 7 2 4 0 . 2 8 9 2 2 8 . 9 4 4 6 .1 9 2
3 5 0 . 4 BRR 24x  0 3 1 5 9 6 2 .5 6 9 25 7 .2 0 . 4 1 1 6 4 1 . 2 0 6
3 5 0 . 4 BRR 2 4 y  0 3 1 5 9 6 2 .6 8 3 2 6 9 .8 0 . 3 6 3 7 3 6 . 5 7 4
3 5 0 . 4 BRR 2 4 z 0 3 1 5 9 6 3 .4 8 8 351 .2 0 . 2 5 6 7 2 5 . 8 5 0
3 4 6 . 9 CFR 14x 0 3 0 9 9 6 8 .1 3 8 1 2 .5 6 0 .5 2 2 0 . 5 1 4 3 51.401 2 2 . 6 8 8
3 4 6 .9 CFR 14y 0 3 0 9 9 6 6 .9 1 3 6 9 2 .4 0 . 7 2 1 8 7 2 .2 9 3
3 4 6 .9 CFR 14z 0 3 0 9 9 6 7 . 4 0 4 7 3 9 . 8 0 .9681 9 6 . 7 3 0
3 4 2 .3 CFR 1 5 x 0 3 0 9 9 6 6 .7 6 8 6 7 7 .4 4 4 . 7 0 8 0 . 4 9 9 9 5 0 .0 3 5 11.621
3 4 2 .3 CFR 15y 0 3 0 9 9 6 7 . 2 5 4 726.1 0 . 4 5 7 5 4 5 . 7 9 5
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 6 .3 6 5 6 3 6 .8 0 . 6 7 6 7 6 7 . 7 0 5
s
River Mile Sample Name Ni Ni (ppm) Ni Std Dev. Pb Pb (ppm) Pb Std Dev.
4 5 5 . 3 331x^031596 0 . 1 1 2 2 1 1 .2 9 7 1.403 1 .267 1 2 7 .5 7 2 .5 4 6
4 5 5 . 3 J 3 1 y 0 3 1 5 9 6 0 . 0 8 7 5 8 . 7 5 4 1.271 1 2 7 .1 7
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 0 . 1 1 0 4 1 1 .0 5 4 1 .316 1 3 1 .7 6
451.1 3 3 0 x 0 3 1 5 9 6 0 . 1 0 3 2 1 0 .3 3 0 2 .1 5 0 1 .222 1 2 2 .3 2 1 3 .2 6 9
451.1 3 3 0 y 0 3 1 5 9 6 0 . 1 4 2 2 1 4 .2 1 4 1.12 1 1 1 .9 6
451.1 330z  0 3 1 5 9 6  7 / 2 3 / 9 6 0 . 1 3 8 6 1 3 .8 7 0 1 .382 1 3 8 .2 9
4 4 4 . 5 3 2 9 x 0 3 1 5 9 6 0 . 1 0 4 8 1 0 .4 8 9 0 . 9 7 0 1.03 1 0 3 .0 9 4 . 8 7 2
4 4 4 . 5 329y  0 3 1 5 9 6 0 . 1 2 2 6 1 2 .2 9 2 1.091 1 0 9 .3 8
4 4 4 . 5 329z  0 3 1 5 9 6 0 . 1 1 9 6 12.011 1 .122 1 1 2 .6 7
4 4 3 . 3 328x 0 3 1 5 9 6 0 .1291 1 2 .9 2 0 3 .6 4 8 0 . 8 6 3 3 8 6 . 4 0 63 .351
4 4 3 . 3 328y 0 3 1 5 9 6 0 . 1 2 2 3 1 2 .2 3 6 0 . 7 8 3 4 7 8 . 3 8
4 4 3 . 3 328z  0 3 1 5 9 6 0 . 1 8 7 8 1 8 .8 6 8 1.91 1 9 1 .9 0
434 .1 327x 0 3 1 5 9 6 0.151 1 5 .1 0 8 1.259 1.58 1 5 8 .0 8 1 0 .7 6 3
434 .1 327y  0 3 1 5 9 6 0 . 1 2 6 3 12.631 1 .396 139.61
434.1 3 2 7 z 0 3 1 5 9 6 0 . 1 3 4 4 1 3 .4 7 6 1.58 1 5 8 .4 2
429.1 3 2 6 x 0 3 1 5 9 6 0 . 1 1 1 8 1 1 .1 7 4 0 . 6 6 9 0 . 6 4 2 4 64.21 3 . 8 4 9
429.1 326y 0 3 1 5 9 6 0 . 1 2 2 1 2 .1 9 5 0 . 6 3 1 2 6 3 . 1 0
429 .1 326z  0 3 1 5 9 6 0 . 1 2 4 4 1 2 .4 3 5 0 . 5 7 0 8 5 7 . 0 6
4 1 6 . 8 3 2 5 x 0 3 1 5 9 6 • 0 .0968 9.681 0 . 2 1 5 1 .523 152.31 2 5 . 5 1 7
4 1 6 . 8 325y  0 3 1 5 9 6 0 . 0 9 6 3 9.621 1 .082 1 0 8 .1 0
4 1 6 . 8 325z  0 3 1 5 9 6 0 . 0 9 2 7 9 .2 8 2 1.08 1 0 8 .1 4
4 1 1 . 8 324y 0 3 1 5 9 6 0 . 1 0 2 5 1 0 .2 4 6 1.205 1 .0 9 4 1 0 9 .3 6 4 . 8 2 9
4 1 1 . 8 324z  0 3 1 5 9 6 0 . 1 0 7 6 1 0 .7 5 6 1 .027 1 0 2 .6 6
4 1 1 . 8 3 2 4 x 0 3 1 5 9 6 0 . 1 2 5 7 1 2 .5 4 0 1 .123 1 1 2 .0 4
4 0 2 . 6 3 2 3 x 0 3 1 5 9 6 0 . 1 1 2 9 11.341 0 . 9 6 9 ^ 0 . 7 1 6 9 ^  7 2 .0 2 2 .9 9 7
4 0 2 . 6 323y  0 3 1 5 9 6 0 .1011 10 .115 0 . 7 2 1 8 7 2 .2 2
4 0 2 . 6 323z  0 3 1 5 9 6 0 .1201 1 2 .0 2 8 0 . 7 7 1 9 7 7 . 3 0
00
U1
3 9 6 . 6 J22x 0 3 1 5 9 6 0 . 1 1 3 9 1 1 .3 9 5 0 . 4 7 8 0 . 7 8 2 4 7 8 .2 7 7 . 3 7 6
3 9 6 . 6 J22y  0 3 1 5 9 6 0 . 1 0 5 7 1 0 .5 5 0 0 . 6 8 9 6 68 .8 3
3 9 6 . 6 J22z  0 3 1 5 9 6 0 . 1 1 3 3 11.361 0 . 8 3 1 4 8 3 .3 7
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 0 .1151 1 1 .5 1 6 1 .336 0 . 9 4 4 9 4 .4 5 3 . 3 6 8
3 9 4 . 6 J 2 1 y 0 3 1 5 9 6 0 . 1 4 1 4 .132 1 .002 1 0 1 .1 5
3 9 4 . 6 J 2 1 z 0 3 1 5 9 6 0 . 1 3 2 6 1 3 .2 9 4 0 . 9 6 9 3 9 7 .1 8
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 0 . 1 1 5 9 1 1 .6 2 7 1 .180 0 . 7 1 5 2 7 1 .7 5 1 2 .0 7 9
3 8 8 . 4 J20y  0 3 1 5 9 6 0 . 0 9 2 9 9 . 2 9 2 0 . 5 2 1 7 5 2 .1 8
3 8 8 .4 J 2 0 Z 0 3 1 5 9 6 0 . 1 0 7 4 1 0 .749 0 . 7 4 1 7 7 4 .2 3
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 0 . 1 0 2 7 1 0 .2 5 8 0.681 0 . 6 3 2 9 63.21 5 .7 5 3
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 0 .0931 9 . 3 0 8 0 . 5 1 7 2 51.71
3 8 1 . 8 CFR/Rk Cr 2z  0 3 0 2 9 6 0 . 0 8 9 3 8 .9 3 7 0 . 5 7 3 2 5 7 .3 7
3 7 8 .9 1 x 0 3 0 2 9 6 0 . 1 0 5 7 1 0 .593 0 . 8 5 0 0 . 8 0 0 3 8 0 . 2 0 8 . 1 3 4
3 7 8 .9 l y  0 3 0 2 9 6 0 . 1 0 4 4 10.531 0 . 6 4 0 8 6 4 . 6 4
3 7 8 .9 Iz  0 3 0 2 9 6  7 / 2 3 / 9 6 0 . 1 2 0 3 1 2 .032 0 .7651 7 6 .5 3
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 0 . 1 0 2 9 1 0 .297 1 .4 1 4 0 . 4 8 4 7 4 8 . 5 0 12 .6 5 2
3 7 0 .4 Turah Br. 3y 0 3 0 2 9 6 0 . 0 9 3 5 9 .3 6 7 0 . 4 9 0 2 49.11
3 7 0 . 4 TurFishAc. 3z  0 3 0 2 9 6 0 . 1 3 0 9 1 3 .0 7 6 0 . 7 8 5 8 7 8 . 5 0
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 0 . 1 1 7 4 1 1 .749 0 . 6 6 9 3 6 6 . 9 8
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 0 . 1 0 9 4 10 .943 0 . 6 1 8 3 6 1 .8 5
3 6 5 . 8 Res. 4x 0 3 0 2 9 6 0 . 0 8 3 7 8 .3 7 0 0 . 4 3 5 0 . 6 5 4 6 6 5 .4 6 4 . 4 6 0
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 0 . 0 7 2 6 7 .5 1 2 0 . 5 8 9 5 6 1 .0 0
3 6 5 . 8 Res. 4 z  0 3 0 2 9 6 0 . 0 8 0 2 8 .0 6 2 0 . 6 9 5 6 6 9 .9 2
3 6 5 . 6 CFR 23u 0 3 1 5 9 6 0 . 1 1 8 9 1 1 .883 2 .1 6 5 0 . 7 6 2 5 7 6 .2 0 1 4 5 . 9 9 4
3 6 5 .6 CFR 23v  0 3 1 5 9 6 0 . 0 8 9 4 8 .9 5 0 0 . 6 7 6 9 6 7 .7 7
3 6 5 .6 CFR 2 3 w 0 3 1 5 9 6 0 . 0 8 9 9 9 . 0 1 4 0 . 6 7 7 6 6 7 .9 4
3 6 5 . 6 CFR 23x 0 3 1 5 9 6 0 . 1 3 6 13 .605 4 . 2 7 4 4 2 7 . 5 7
3 6 5 . 6 CFR 23y 0 3 1 5 9 6 0 . 0 8 8 8 .7 9 0 0 . 7 5 3 9 75.31
3 6 5 .6 ! CFR 2 3 z  0 3 1 5 9 6 0 . 0 8 1 5 8 .1 5 9 0 . 6 3 4 9 6 3 .5 6
00
ON
3 6 4 .9 BFR 7v 0 3 0 8 9 6 0 . 0 8 7 9 8 . 8 5 0 2 .0 6 7 0 . 1 6 7 5 16 .86 1.323
3 6 4 .9 BFR 7w 0 3 0 8 9 6 0 . 0 9 6 2 9 . 6 6 4 0 . 1 7 5 6 1 7 .64
3 6 4 .9 BFR 7x 0 3 0 8 9 6 0 . 0 5 8 2 5 .8 4 5 0 . 1 4 3 3 14.39
3 6 4 .9 BFR 7y 0 3 0 8 9 6 0 . 0 4 9 9 4 . 9 8 4 0 . 1 5 1 2 1 5 .10
3 6 4 . 9 BFR 7z  0 3 0 8 9 6 0 .0581 5 .9 1 2 0 . 1 5 2 7 1 5 .54
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 0 .0 8 0 1 8 .0 0 5 0 . 2 8 4  ^ 0 . 4 7 9 4 7 .8 7 3 .2 7 9
3 6 4 . 6 CFR 5y 0 3 0 2 9 6 0 . 0 8 3 3 8 .3 2 5 0 . 5 4 4 5 5 4 .42
3 6 4 .6 CFR 5z  0 3 0 2 9 6 0 . 0 7 7 6 7 .7 5 8 0 . 5 0 9 5 0 .8 9
3 6 4 .5 CFR 2 2 x 0 3 1 3 9 6 0 . 0 9 4 8 9 .4 7 9 0 . 5 3 3 1 .227 1 2 2 .6 8 21 .361
3 6 4 .5 CFR 2 2 y  0 3 1 3 9 6 0 . 0 8 4 9 8 . 5 0 4 0 . 8 2 7 5 8 2 .8 9
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 0 . 0 8 4 4 8 .6 1 9 0 . 8 7 4 7 8 9 .3 2
3 6 3 .9 CFR 8x 0 3 0 8 9 6 0 . 0 9 5 4 9 .5 6 9 0 . 8 2 9 0 . 8 2 4 8 2 .6 5 2 0 . 0 9 9
3 6 3 .9 CFR 8y 0 3 0 8 9 6 0 . 0 8 2 7 8 .2 8 7 0 . 5 7 2 7 5 7 .3 9
3 6 3 .9 CFR 8z  0 3 0 8 9 6 0 . 0 9 8 5 9 .8 3 9 0 .9 7 2 1 9 7 .1 0
3 6 2 . 9 ~ 1 CFR 9x 0 3 0 8 9 6 0 . 1 1 5 9 1 1 .6 0 6 1 .457 1 .366 1 3 6 .7 9 3 1 . 9 5 7
3 6 2 .9 CFR 9y 0 3 0 8 9 6 0 . 0 9 2 4 9 .2 3 7 0 . 9 0 4 9 0 .3 7
3 6 2 .9 CFR 9 z  0 3 0 8 9 6 0 . 0 8 9 5 8 .9 5 3 0 .7551 7 5 . 5 4
3 6 2 .3 6x 0 3 0 2 9 6 0 . 0 9 6 7 9 .6 8 2 0 . 1 2 2 0 . 9 3 0 9 9 3 . 2 0 3 .9 2 0
3 6 2 .3 6y 0 3 0 2 9 6 0 . 0 9 6 9 . 6 4 8 0 .8681 8 7 .2 5
3 6 2 .3 6z 0 3 0 2 9 6 0 . 0 9 8 7 9 . 8 7 4 0 . 8 5 7 8 85.81
3 6 1 .2 CFR 21x  0 3 1 3 9 6 0 . 0 9 0 8 9 .0 9 9 0 . 6 2 2 r  0 . 6 6 2 5 6 6 .3 9 5 . 2 1 4
3 6 1 .2 CFR 2 1 y  0 3 1 3 9 6 0 .0791 7 .9 1 0 0 .6 2 2 6 2 .2 0
3 6 1 .2 CFR 2 1 z  0 3 1 3 9 6 0 . 0 8 1 4 8 . 1 8 4 0 . 5 5 7 2 5 6 .0 2
3 6 0 . 6 CFR 20x 0 3 1 3 9 6 0 . 1 0 0 8 10.101 0 . 8 8 3 0 .5 4 5 5 4 .6 2 1 6 .0 9 4
3 6 0 . 6 CFR 20y  0 3 1 3 9 6 0 .0851 8 . 5 0 6 0 . 6 9 5 5 6 9 .5 2
3 6 0 . 6 CFR 2 0 z  0 3 1 3 9 6 0 . 0 9 9 4 ^ 9 .9 5 9 0 .8661 8 6 .7 7
3 5 9 .9 CFR lOx 0 3 0 8 9 6 0 . 0 8 7 5 8 .7 3 6 0 . 8 1 3 0 . 6 0 0 4 5 9 .9 5 1 1 .2 4 2
3 5 9 .9 CFR lOy 0 3 0 8 9 6 0 . 0 9 7 6 9 .7 6 9 0 . 8 1 0 3 81.11
3 5 9 .9 CFR lOz 0 3 0 8 9 6 0 . 1 0 3 3 10.341 0 . 7 7 0 2 7 7 .1 0
ex»N
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 0 . 0 8 3 3 8 .3 3 5 0 . 5 0 8 0 . 5 2 8 4 52 .8 7 5 .4 5 2
3 5 8 .7 CFR l l y  0 3 0 8 9 6 0 . 0 8 5 4 8 .5 3 5 0 . 5 4 2 7 5 4 . 2 4
3 5 8 .7 CFR l l z  0 3 0 8 9 6 0 . 0 9 3 9 . 2 9 8 0 . 6 2 9 4 6 2 .9 2
3 5 7 .5 CFR 1 2 x 0 3 0 9 9 6 0 . 0 9 7 5 9 . 7 6 5 1.463 0 . 7 8 6 4 7 8 .7 6 8 . 5 7 7
3 5 7 .5 CFR 12y 0 3 0 9 9 6 0 . 0 8 6 8 . 5 9 0 0 . 6 2 1 4 6 2 .0 7
3 5 7 .5 CFR 1 2z 0 3 0 9 9 6 0 . 0 6 7 6 6 .8 5 6 0 .7 2 8 1 7 3 .8 5
3 5 5 .3 CFR 1 3 x 0 3 0 9 9 6 0 . 1 0 6 4 10.671 0 . 5 7 6 1 .258 126 .17 30 .131
3 5 5 .3 CFR 13y 0 3 0 9 9 6 0 . 0 9 8 4 9 .8 9 7 0 . 7 2 7 6 7 3 .1 8
3 5 5 . 3 CFR 13z 0 3 0 9 9 6 0 . 1 1 0 2 1 1 .022 1 .245 1 2 4 .5 2
3 5 2 CFR 16x 0 3 0 9 9 6 0 . 0 8 3 3 8.341 0 .9 9 3 0 . 8 5 7 5 8 5 . 8 6 8 . 4 2 5
3 5 2 CFR 16y 0 3 0 9 9 6 0 . 0 8 5 8 8 . 5 8 0 0 . 6 9 2 3 6 9 .2 3
3 5 2 CFR 16z 0 3 0 9 9 6 0 . 1 0 1 4 1 0 .1 6 7 0 .7 5 7 5 . 2 0
3 5 0 . 4 BRR 24w  0 3 1 5 9 6 0 . 0 3 4 8 3 .4 8 3 0 . 6 3 4 0 . 0 9 0 6 9 .07 2 .1 7 2
3 5 0 . 4 BRR 2 4 x 0 3 1 5 9 6 0 . 0 4 2 7 4 . 2 7 5 0 . 0 8 8 3 8 .8 4
3 5 0 . 4 BRR 24y  0 3 1 5 9 6 0 .0471 4 . 7 3 6 0 . 1 2 6 4 12.71
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 0 . 0 3 2 3 .2 2 2 0 . 1 0 6 8 10 .75
3 4 6 . 9 CFR 1 4 x 0 3 0 9 9 6 0 . 0 8 8 3 8 .8 2 5 0 . 5 0 2 0.851 8 5 .0 5 6 . 8 9 8
3 4 6 .9 CFR 14y 0 3 0 9 9 6 0 . 0 9 7 4 9 .7 5 5 0 . 7 5 1 4 7 5 .2 6
3 4 6 .9 CFR 14z 0 3 0 9 9 6 0 . 0 8 9 7 8 .9 6 3 0 . 7 1 8 7 1 .7 4
3 4 2 .3 CFR 1 5x 0 3 0 9 9 6 0 .0981 9 .8 1 9 1.538 0 . 7 3 7 9 7 3 .8 6 6 .0 4 7
3 4 2 .3 CFR 15y 0 3 0 9 9 6 0 . 0 7 7 9 7 .7 9 8 0 . 7 0 4 2 7 0 .4 9
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 0 .1081 1 0 .8 1 6 0 . 6 2 0 8 62.11
g
River Mile Sample Name S S (ppm) S Std Dev. Sr Sr (ppm) Sr Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 2 9 .3 4 2954.1 2 5 5 . 1 5 6 0 . 6 2 7 7 63 .201 7 .9 5 7
4 5 5 . 3 J 3 1 y 0 3 1 5 9 6 25.11 2 5 1 2 . 3 0 . 5 3 9 5 5 3 . 9 7 8
4 5 5 . 3 J 3 1 Z 0 3 1 5 9 6 2 5 .0 9 2512.1 0 . 4 7 3 4 7 . 3 5 9
451 .1 J 3 0 x 0 3 1 5 9 6 2 2 .1 8 2 2 2 0 .2 2 3 5 . 5 6 5 0 . 5 1 8 3 5 1 .8 8 2 10.551
451 .1 J30y  0 3 1 5 9 6 20 .0 7 2 0 0 6 .2 0 . 6 3 1 3 6 3 . 1 0 5
451 .1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 2 4 .7 5 2 4 7 6 . 7 0 . 7 2 9 2 7 2 . 9 7 0
4 4 4 . 5 J 2 9 x 0 3 1 5 9 6 12 .82 1283.1 1 0 8 .6 5 9 0 .4 4 2 1 4 4 . 2 4 7 5 .8 1 7
4 4 4 . 5 J29y  0 3 1 5 9 6 14.9 1 4 9 3 .9 0 . 5 5 4 9 5 5 . 6 3 4
4 4 4 . 5 J29z  0 3 1 5 9 6 13 .37 1 3 4 2 .7 0 . 4 7 6 7 4 7 . 8 7 2
4 4 3 . 3 J28x 0 3 1 5 9 6 10 .79 1 0 7 9 .8 4 1 8 . 7 7 8 0 . 4 7 2 9 4 7 . 3 2 7 6 .6 5 7
4 4 3 . 3 J28y  0 3 1 5 9 6 10 .43 1 0 4 3 .5 0 . 4 4 8 6 4 4 . 8 8 2
4 4 3 . 3 J28z  0 3 1 5 9 6 17 .78 1 7 8 6 .3 0 . 5 7 1 7 5 7 . 4 3 8
434 .1 J 2 7 x 0 3 1 5 9 6 22 .0 2 2 2 0 3 .2 1 3 8 .8 2 3 0 . 6 8 2 3 6 8 . 2 6 6 5 .2 9 8
434.1 J27y  0 3 1 5 9 6 19 .58 195 8 .2 0 . 5 8 7 3 5 8 . 7 3 6
434.1 J 2 7 z 0 3 1 5 9 6 2 1 .8 8 2 1 9 3 . 9 0 . 5 9 3 3 5 9 . 4 8 9
429.1 J26x 0 3 1 5 9 6 9 .12 9 1 1 .5 7 0 . 4 8 0 0 . 4 7 4 6 4 7 . 4 3 6 5 .6 6 0
429.1 J26y  0 3 1 5 9 6 8 .8 6 5 8 8 6 .2 0 . 5 4 4 3 5 4 . 4 1 0
429 .1 J26z  0 3 1 5 9 6 7.791 7 7 8 .8 0 . 5 8 6 7 5 8 . 6 4 5
4 1 6 . 8 J 2 5 x 0 3 1 5 9 6 9 .3 0 2 93 0 .3 3 6 6 . 0 1 7 0 . 4 1 3 6 4 1 . 3 6 4 1.529
4 1 6 . 8 J25y  0 3 1 5 9 6 16.62 ^ 6 6 0 . 5 0 . 4 4 4 3 4 4 . 3 8 9
4 1 6 . 8 J25z  0 3 1 5 9 6 13 .39 1 3 40 .7 0 . 4 2 4 3 4 2 . 4 8 3
4 1 1 . 8 J24y 0 3 1 5 9 6 18.52 1 8 51 .3 5 1 .3 8 9 0 . 4 5 0 8 4 5 . 0 6 4 6.401
4 1 1 . 8 J 2 4 z 0 3 1 5 9 6 17 .68 1 7 67 .3 0 . 5 3 5 5 5 3 . 5 3 0
4 1 1 . 8 J24x 0 3 1 5 9 6 18 .65 1 8 6 0 .6 0 . 5 7 7 5 5 7 . 6 1 4
4 0 2 . 6 J 2 3 x 0 3 1 5 9 6 6 .3 8 5 6 4 1 .4 1 0 0 .7 7 7 0 . 4 5 6 6 4 5 . 8 6 7 1 .7 0 0
4 0 2 . 6 J23y 0 3 1 5 9 6 5 .2 5 6 525 .9 0 . 4 5 0 9 4 5 . 1 1 4
4 0 2 . 6 J23z  0 3 1 5 9 6 7 .2 5 6 726 .7 0 . 4 8 2 9 48 .361
$
3 9 6 . 6 J 2 2 x 0 3 1 5 9 6 1 3 .38 1 3 3 8 .5 1 3 3 .8 4 8 0 . 4 9 4 4 4 9 . 4 6 0 1.851
3 9 6 . 6 J22y  0 3 1 5 9 6 10 .73 1 0 7 0 .9 0 . 4 8 3 5 4 8 . 2 5 7
3 9 6 . 6 J 2 2 z 0 3 1 5 9 6 1 2 .0 8 1 2 1 1 .3 0 . 5 1 7 5 5 1 . 8 9 0
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 12 .67 1 2 6 7 .7 2 1 5 . 7 8 8 0 . 5 7 0 4 5 7 . 0 7 0 3 .8 5 5
3 9 4 . 6 J 2 1 y 0 3 1 5 9 6 16 .83 1 6 9 8 .9 0 . 6 2 4 9 63 .081
3 9 4 . 6 J 2 1 z 0 3 1 5 9 6 14 .65 1 4 6 8 .8 0 . 5 5 7 5 5 5 . 8 9 5
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 11 .48 1151 .7 286 .961 0 . 5 0 4 5 0 . 5 6 2 5 .4 9 3
3 8 8 . 4 J20y  0 3 1 5 9 6 6 .5 1 2 6 5 1 .3 0 . 4 0 7 4 0 . 7 0 8
3 8 8 . 4 J20z  0 3 1 5 9 6 11 .44 1 1 4 4 .9 0 . 4 9 8 49 .8 4 1
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 9 . 0 6 5 9 0 5 . 4 9 6 . 2 1 4 0 . 4 7 4 7 4 7 . 4 1 2 2 .8 9 7
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 7 . 1 6 6 7 1 6 . 4 0 . 4 3 9 4 4 3 . 9 3 0  1
3 8 1 .8 CFR/Rk Cr 2z 0 3 0 2 9 6 7 . 7 8 8 7 7 9 . 4 0 . 4 9 6 4 4 9 .681
3 7 8 .9 1 x 0 3 0 2 9 6 11 .74 1 1 7 6 .5 2 0 2 . 4 0 5 0 . 5 6 6 9 56 .811 5 .1 3 9
3 7 8 .9 l y  0 3 0 2 9 6 7 .8 2 2 7 8 9 .0 0 . 4 6 1 4 4 6 . 5 4 2
3 7 8 .9 Iz  0 3 0 2 9 6  7 / 2 3 / 9 6 10 .84 1084 .2 0 . 5 1 2 8 51 .291
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 4 . 2 2 4 4 2 2 . 7 3 0 1 . 4 7 5 0 . 3 3 6 5 3 3 . 6 7 2 5 .7 8 3
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 4 .7 3 5 4 7 4 . 4 0 . 3 1 5 2 3 1 . 5 7 7
3 7 0 . 4  "1 TurFishAc. 3z 0 3 0 2 9 6 11 .74 1 1 7 2 .8 0 .4 5 2 4 5 . 1 5 3
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 7.431 7 4 3 .7 0 . 4 1 7 6 ^ 4 1 . 7 9 2
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 8 .1 6 8 8 1 7 .0 0 . 4 1 2 5 4 1 . 2 6 2
3 6 5 . 8 Res. 4x 0 3 0 2 9 6 12 .24 1224.1 1 2 6 .4 8 7 0 . 4 4 4 9 4 4 . 4 9 2 1 .5 7 8
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 10 .94 1 1 3 2 .0 0 .4261 4 4 . 0 9 2
3 6 5 . 8 Res. 4 z  0 3 0 2 9 6 13 .75 1382.1 0 . 4 6 7 6 4 7 . 0 0 2
3 6 5 . 6 CFR 2 3 u 0 3 1 5 9 6 10 .87 1086 .3 1 0 2 0 . 3 1 6 0 .5121 5 1 . 1 7 9 11 .932
3 6 5 . 6 ^ CFR 23v  0 3 1 5 9 6 15 .94 1595 .9 0 . 4 5 6 2 4 5 . 6 7 4
3 6 5 .6 CFR23W 0 3 1 5 9 6 17 .08 1712 .5 0 . 5 3 7 9 5 3 .9 3 3
3 6 5 .6 CFR 2 3 x 0 3 1 5 9 6 3 9 .7 4 3 9 7 5 . 6 0 . 4 3 1 8 4 3 . 1 9 7
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 2 3 .3 2 2 3 2 9 . 4 0 . 6 9 6 4 6 9 .5 6 2
3 6 5 . 6 CFR 2 3 z  0 3 1 5 9 6 16 .35 1636 .7 0 .3421 3 4 . 2 4 6
O
3 6 4 . 9 BFR 7v 0 3 0 8 9 6 5 .4 8 8 5 5 2 . 6 1 1 3 . 5 2 0 0 . 2 6 1 6 2 6 . 3 3 9 4 . 2 5 7
3 6 4 .9 BFR 7w 0 3 0 8 9 6 6 . 5 1 4 6 5 4 . 4 0 . 3 0 7 9 3 0 . 9 3 0
3 6 4 .9 BFR 7x 0 3 0 8 9 6 4 . 9 5 3 4 9 7 . 4 0 . 2 7 3 6 2 7 . 4 7 9
3 6 4 . 9 BFR 7y 0 3 0 8 9 6 5 . 2 1 6 5 2 0 .9 0 . 2 9 4 4 2 9 . 4 0 3
3 6 4 .9 BFR 7z  0 3 0 8 9 6 3 .3 4 8 3 4 0 .7 0 . 1 9 5 3 1 9 .8 7 3
3 6 4 .6 CFR 5x 0 3 0 2 9 6 15.8 1 5 7 8 .9 6 1 . 2 0 7 0 . 3 2 4 4 3 2 . 4 1 8 0 . 9 6 0
3 6 4 .6 CFR 5y 0 3 0 2 9 6 16.9 1689.1 0 . 3 3 8 2 33 .801
3 6 4 .6 CFR 5z 0 3 0 2 9 6 15 .88 1 5 87 .7 0 . 3 4 2 7 3 4 . 2 6 3
3 6 4 .5 CFR 2 2 x 0 3 1 3 9 6 3 2 .8 8 3 2 8 7 . 5 5 16 .541 0 . 4 4 2 8 4 4 . 2 7 3 2 .2 3 9
3 6 4 .5 CFR 22y  0 3 1 3 9 6 23 .4 7 2 3 5 0 . 9 0 . 3 9 7 5 3 9 . 8 1 5
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 23.91 2 4 4 1 . 7 0 .4 0 8 1 4 1 . 6 7 5
3 6 3 .9 CFR 8x 0 3 0 8 9 6 24 .3 2 2 4 3 9 . 4 5 9 0 . 5 8 5 0 . 4 2 7 3 4 2 . 8 6 0 3 . 9 8 4
3 6 3 .9 CFR 8y 0 3 0 8 9 6 17 .52 1 7 5 5 .6 0 .3 7 1 1 3 7 . 1 8 7
3 6 3 .9 CFR 8z  0 3 0 8 9 6 29 .3 5 2 9 3 1 . 6 0 . 4 4 9 2 4 4 . 8 6 8
3 6 2 .9 CFR 9x 0 3 0 8 9 6 3 9 .2 8 3 9 3 3 . 6  I 7 7 7 . 4 9 7 0 . 5 0 7 2 ' 5 0 . 7 9 2 3 . 9 0 0
3 6 2 .9 CFR 9y 0 3 0 8 9 6 2 7 .2 6 2 7 2 5 . 0 0 .4601 4 5 . 9 9 3
3 6 2 .9 CFR 9z  0 3 0 8 9 6 24.81 2 4 8 1 .9 0 . 4 3 0 5 4 3 , 0 6 6
3 6 2 .3 6x 0 3 0 2 9 6 28.61 2 8 6 4 . 5 1 0 9 .1 2 5 0 .4991 49 .971 0 . 5 7 6
3 6 2 .3 6y 0 3 0 2 9 6 2 7 .7 8 2 7 9 2 . 0 0 . 4 9 3 4 4 9 . 5 8 9
3 6 2 .3 6z 0 3 0 2 9 6 2 6 . 4 9 2 6 5 0 . 0 0 . 4 8 8 2 4 8 . 8 3 8
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 2 0 .1 6 2 0 2 0 . 2 1 5 5 .8 5 4 0 . 4 0 7 6 4 0 . 8 4 4 2 . 1 9 8
3 6 1 .2 CFR 21y  0 3 1 3 9 6 18 .84 1 8 8 4 .0 0 . 3 7 7 6 37 .761
3 6 1 .2 CFR 21 z  0 3 1 3 9 6 17 17 09 .3 0 . 3 6 3 9 3 6 . 5 8 8
3 6 0 . 6 CFR 2 0 x 0 3 1 3 9 6 15 .95 1 5 9 8 .4 4 8 3 . 6 1 6 0 . 4 0 9 4 4 1 . 0 2 7 3 . 9 5 6
3 6 0 . 6 CFR 20y  0 3 1 3 9 6 22 .17 2 2 1 6 . 0 0 . 4 2 6 42 .581
3 6 0 .6 CFR 2 0 z  0 3 1 3 9 6 25 .47 2 5 5 1 . 8 0 . 4 8 4 3 4 8 . 5 2 2
3 5 9 .9 CFR 1 0 x 0 3 0 8 9 6 16 .53 1 6 5 0 .4 3 1 6 . 2 2 0 0 . 4 0 9 8 4 0 . 9 1 5 3 . 1 8 9
3 5 9 .9 CFR lOy 0 3 0 8 9 6 21 .4 9 2151.1 0 . 4 3 0 2 43 .061
3 5 9 .9 CFR lOz 0 3 0 8 9 6 22 .3 3 2 2 3 5 . 4 0 . 4 7 1 4 4 7 . 1 9 0
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 14 .76 1 4 7 6 .9 2 5 1 . 4 2 0 0 . 3 9 9 2 3 9 . 9 4 3 1 .7 5 4
3 5 8 .7 CFR l l y  0 3 0 8 9 6 14 .76 1475 .2 0 . 3 8 0 2 3 7 .9 9 9
3 5 8 .7 CFR l l z  0 3 0 8 9 6 19 .12 19 11 .5 0 .4151 4 1 . 4 9 9
35 7 .5 CFR 1 2 x 0 3 0 9 9 6 21.81 2 1 8 4 . 3 2 9 5 . 7 6 5 0 . 4 6 4 9 4 6 . 5 5 9 4 . 9 3 7
3 5 7 .5 CFR 12y  0 3 0 9 9 6 15 .95 1593.1 0 . 3 6 7 3 3 6 .6 8 7
3 5 7 .5 CFR 12z 0 3 0 9 9 6 18.81 1 9 0 7 .8 0 . 4 0 9 2 4 1 . 5 0 2
3 5 5 .3 r CFR 1 3 x 0 3 0 9 9 6 37.21 3 7 3 2 . 0 794 .8 3 1 0 . 4 0 8 8 41 .001 2 . 3 7 9
3 5 5 .3 CFR 13y 0 3 0 9 9 6 2 3 .0 5 2 3 1 8 . 3 0 .4511 4 5 . 3 7 0
3 5 5 .3 CFR 13z 0 3 0 9 9 6 3 6 .5 4 3 6 5 4 .7 0 .4481 4 4 . 8 1 9
35 2 CFR 1 6 x 0 3 0 9 9 6 21 .7 2 2 1 7 4 . 8 2 5 5 . 6 2 2 0 . 4 1 1 8 4 1 . 2 3 2 3 .7 8 9
3 5 2 CFR 16y 0 3 0 9 9 6 16 .64 1 6 63 .9 0 . 4 0 0 7 4 0 . 0 6 9
3 5 2 CFR 16z 0 3 0 9 9 6 18 .96 1901.1 0 .4701 4 7 . 1 3 6
3 5 0 . 4 BRR 2 4 w 0 3 1 5 9 6 1.935 193 .7 3 9 . 1 2 4 0 . 0 7 3 7 7 .3 7 6 2 .3 0 9
3 5 0 . 4 BRR 24x 0 3 1 5 9 6 1.891 189.3 0 . 0 9 4 6 9.471
3 5 0 . 4 BRR 2 4 y  0 3 1 5 9 6 2 .5 7 7 259.1 0 . 1 1 9 2 1 1 .987
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 2 . Ï 4 8 2 1 6 .3 0 . 0 7 7 6 7 .8 1 4
3 4 6 .9 CFR 1 4 x 0 3 0 9 9 6 2 3 .0 7 2 3 0 5 .7 7 9 5 . 6 5 8 0 . 4 8 5 3 4 8 . 5 0 2 2 .1 6 3
3 4 6 .9 CFR 14y 0 3 0 9 9 6 7 .6 8 9 770.1 0 . 4 5 2 3 45 .301
3 4 6 .9 CFR 142 0 3 0 9 9 6 19.01 1 8 9 9 .4 0 . 4 4 4 2 4 4 . 3 8 3
3 4 2 .3 CFR 1 5 x 0 3 0 9 9 6 17 .88 1 7 8 9 .6 155.021 0 .4341 4 3 . 4 4 9 2 . 2 8 4
3 4 2 .3 CFR 15y 0 3 0 9 9 6 16.43 1 6 4 4 .6 0 . 3 8 9 3 8 .9 3 9
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 14.79 1 4 7 9 .8 0 . 4 0 5 4 40 .561
\Dr o
River Mile Sample Name Ti Ti (ppm) Ti Std Dev. Zn Zn (ppm) Zn Std Dev.
4 5 5 . 3 J 3 1 x 0 3 1 5 9 6 2 . 9 7 6 2 9 9 . 6 4 6 6 . 5 6 2 9 .7 6 9 8 2 . 7 0 7 . 2 9 0
4 5 5 . 3 J31y  0 3 1 5 9 6 1.911 1 9 1 .2 0 9 .6 7 9 9 6 8 . 4 0
4 5 5 . 3 J 3 1 z 0 3 1 5 9 6 3 .1 1 9 3 1 2 . 2 9 9 .7 1 9 973.1  1
451.1 J30x 0 3 1 5 9 6 2 .43 2 4 3 . 2 4 57 .461 9 . 8 9 8 9 9 0 . 8 0 1 0 0 . 3 6 9
451.1 J 3 0 y 0 3 1 5 9 6 2 .7 5 8 2 7 5 . 6 9 8 .5 9 9 8 5 9 . 5 6
451 .1 J30z  0 3 1 5 9 6  7 / 2 3 / 9 6 3 .5 4 7 3 5 4 . 9 4 10 .5 6 1 0 5 6 .7 2
4 4 4 . 5 J 2 9 x 0 3 1 5 9 6 2.21 2 2 1 . 1 9 3 2 .1 3 7 7 .9 4 7 7 9 5 . 3 7 74 .591
4 4 4 . 5 J29y  0 3 1 5 9 6 2 . 7 9 8 2 8 0 . 5 3 8 . 6 1 4 8 6 3 . 6 3
4 4 4 . 5 J29z  0 3 1 5 9 6 2 .2 8 5 2 2 9 . 4 7 9 . 4 0 4 9 4 4 . 3 8
4 4 3 . 3 J 2 8 x 0 3 1 5 9 6 1 .796 1 7 9 .7 4 5 1 .3 4 2 6 . 7 0 4 6 7 0 . 9 2 1 8 1 0 . 4 2 3
4 4 3 . 3 J28y  0 3 1 5 9 6 1.869 1 8 6 .9 9 5 .7 6 5 5 7 6 . 7 8
4 4 3 . 3 J28z  0 3 1 5 9 6 2 . 7 0 8 2 7 2 . 0 7 37.41 3 7 5 8 . 5 3
434.1 J27x 0 3 1 5 9 6 3 . 4 5 4 3 4 5 . 5 8 3 7 . 9 7 5 10 .32 1 0 3 2 .5 5 23 .761
434.1 J27y  0 3 1 5 9 6 2 .8 0 9 2 8 0 . 9 3 9.891 9 8 9 . 2 0
434.1 J27z  0 3 1 5 9 6 2 .7 8 2 7 8 . 7 4 10 .25 1 0 2 7 .7 5
429 .1 J26x 0 3 1 5 9 6 2 .3 1 3 2 3 1 . 1 8 1 3 .9 5 6 6 .2 0 3 6 1 9 . 9 9 7 2 . 8 2 7
429 .1 J26y  0 3 1 5 9 6 2 .4 4 5 244.41 6 .4 0 3 6 4 0 . 0 6
429 .1 J26z  0 3 1 5 9 6 2 . 1 6 6 216.51 5 .0 5 3 5 0 5 . 0 9
4 1 6 . 8 J 2 5 x 0 3 1 5 9 6 1.891 1 89 .1 2 14 .3 2 5 6 .5 4 5 6 5 4 . 5 6 4 0 . 7 9 4
4 1 6 . 8 J25y  0 3 1 5 9 6 2 .1 4 9 2 1 4 . 7 0 6 .8 3 7 6 8 3 . 0 6
4 1 6 . 8 J25z  0 3 1 5 9 6 1.905 19 0 .7 4 7.341 7 3 5 . 0 2
4 1 1 . 8 J24y  0 3 1 5 9 6 2 . 1 2 8 2 1 2 .7 2 2 1 . 7 3 8 8 .89 8 8 8 . 6 8 4 5 .301
4 1 1 . 8 J 2 4 z 0 3 1 5 9 6 1.985 198 .4 2 9 .2 2 9 9 2 2 . 5 5
4 1 1 . 8 J 2 4 x 0 3 1 5 9 6 2 .4 1 7 2 4 1 .1 3 9 .8 0 7 9 7 8 . 3 9
4 0 2 . 6 J 2 3 x 0 3 1 5 9 6 1.817 1 82 .5 3 2 3 .2 7 7 1 0 .28 1 0 3 2 .6 7 1 8 0 .2 5 7
4 0 2 . 6 J23y 0 3 1 5 9 6 1.512 1 5 1 .2 8 7 .3 8 4 7 3 8 . 7 9
4 0 2 . 6 J23z  0 3 1 5 9 6 1.965 196 .7 9 10 .65 1 0 6 6 . 5 8
VOW
3 9 6 . 6 J22x 0 3 1 5 9 6 2 . 1 2 9 2 1 2 . 9 8 4 . 6 9 4 8 . 7 9 7 8 8 0 . 0 5 6 7 . 8 7 9
3 9 6 . 6 J22y  0 3 1 5 9 6 2 . 0 7 3 2 0 6 . 9 0 7 . 5 1 6 7 5 0 . 1 6
3 9 6 . 6 J22z  0 3 1 5 9 6 ^  2 .0 3 2 2 0 3 . 7 5 8 .47 8 4 9 . 2 9
3 9 4 . 6 J 2 1 x 0 3 1 5 9 6 2 . 3 3 7 2 3 3 . 8 2 1 0 .0 1 9 8 . 7 0 9 8 7 1 . 3 7 6 9 . 7 4 2
3 9 4 .6 J 2 1 y 0 3 1 5 9 6 2 .47 2 4 9 . 3 4 9 . 9 9 8 1 0 0 9 . 2 6
3 9 4 .6 J 2 1 z 0 3 1 5 9 6 2.3 2 3 0 . 6 0 9 .5 6 9 5 8 . 4 8
3 8 8 . 4 J 2 0 x 0 3 1 5 9 6 2 . 4 2 3 2 4 3 . 0 8 3 0 . 9 0 3 8 . 1 1 6 8 1 4 . 2 2 1 0 2 . 6 9 8
3 8 8 . 4 J20y  0 3 1 5 9 6 1.871 1 8 7 .1 4 6 .5 4 5 6 5 4 . 6 3
3 8 8 . 4 J20z  0 3 1 5 9 6 1 .922 1 9 2 .3 6 8 .4 5 7 8 4 6 . 4 0
3 8 1 .8 CFR/Rk Cr 2x 0 3 0 2 9 6 1.871 1 8 6 .8 7 1 6 .3 1 7 7 . 5 7 7 7 5 6 . 7 8 6 7 . 5 1 2
3 8 1 .8 CFR/Rk Cr 2y 0 3 0 2 9 6 2 .1 6 6 2 1 6 . 5 5 6 . 2 2 4 6 2 2 . 2 6
3 8 1 .8 CFR/Rk Cr 2z  0 3 0 2 9 6 1 .898 1 8 9 .9 6 6 .7 8 9 6 7 9 . 4 6
3 7 8 .9 1 x 0 3 0 2 9 6 2 .0 7 9 2 0 8 . 3 4 15 .8 0 7 8 .6 4 3 8 6 6 . 1 5 9 4 . 8 1 6
3 7 8 .9 l y  0 3 0 2 9 6 2 .3 6 3 2 3 8 . 3 6 6 . 8 4 4 6 9 0 . 3 7
3 7 8 .9 Iz  0 3 0 2 9 6  7 / 2 3 / 9 6 2 .3 1 9 2 3 1 . 9 5 8 .3 9 7 8 3 9 . 8 7
3 7 0 . 4 Turah 3x 0 3 0 2 9 6 2 .1 3 9 2 1 4 . 0 4 17.991 5 .7 9 7 5 8 0 .0 7 1 2 3 . 3 3 6
3 7 0 . 4 Turah Br. 3y 0 3 0 2 9 6 1 .826 1 8 2 .93 5 .6 5 7 5 6 6 . 7 3
3 7 0 . 4 TurFishAc. 3z 0 3 0 2 9 6 2 .3 2 9 2 3 2 . 6 6 8 . 5 0 4 8 4 9 . 5 2
3 7 0 .3 Turah Br. 3v 0 3 0 8 9 6 2 .0 8 8 2 0 8 . 9 6 7 .6 3 3 7 6 3 . 8 9
3 7 0 .3 Turah Br. 3w 0 3 0 8 9 6 2 .0 3 3 2 0 3 . 3 6 7 .4 7 5 7 4 7 .7 2
3 6 5 . 8 Res. 4x 0 3 0 2 9 6 1.527 152.71 9 .4 4 2 9 .8 0 8 9 8 0 . 8 4 5 6 . 4 9 3
3 6 5 . 8 Res. 4y  0 3 0 2 9 6 1.422 1 4 7 .1 5 ^  8 .5 1 9 8 8 1 . 5 3
3 6 5 .8 Res. 4z  0 3 0 2 9 6 1.647 1 6 5 .5 5 9 .7 2 8 9 7 7 . 8 4
3 6 5 .6 C F R 2 3 u 0 3 1 5 9 6 2 .2 7 9 2 2 7 . 7 6 4 2 . 2 8 2 8.361 8 3 5 . 5 9 1 2 2 1 . 3 1 7
3 6 5 .6 CFR23v 0 3 1 5 9 6 1 .777 177.91 10 .23 1 0 2 4 .2 0
3 6 5 . 6 C F R 2 3 w 0 3 1 5 9 6 2 .6 6 7 267 .41 8 .6 4 8 6 6 . 2 9
3 6 5 .6 CFR 2 3 x 0 3 1 5 9 6 2 .7 2 8 272 .91 39.11 3 9 1 2 . 5 5
3 6 5 . 6 CFR 23y  0 3 1 5 9 6 1.898 1 8 9 .59 9 . 7 4 9 973 .81
3 6 5 .6 CFR 2 3 z  0 3 1 5 9 6 1.861 1 8 6 .3 0 9 . 2 7 6 9 2 8 . 5 9
VO4̂
3 6 4 .9 BFR 7v 0 3 0 8 9 6 1 .1 9 8 1 2 0 .62 3 5 . 9 9 2 0 . 5 9 5 6 5 9 .97 1 1 .2 1 8
3 6 4 .9 BFR 7w 0 3 0 8 9 6 1 .459 1 4 6 .5 6 0 . 4 8 9 8 4 9 . 2 0
3 6 4 .9 BFR 7x 0 3 0 8 9 6 0 . 7 7 8 7 78.21 0 . 3 6 2 6 3 6 .4 2
3 6 4 . 9 BFR 7y 0 3 0 8 9 6 0 . 5 8 6 9 5 8 .62 0 . 3 5 8 3 5 .7 6
3 6 4 .9 BFR 7 z  0 3 0 8 9 6 0 . 7 7 1 5 7 8 . 5 0 0 . 3 3 4 3 3 .9 9
3 6 4 . 6 CFR 5x 0 3 0 2 9 6 1 .362  ^ 136.11 2 6 . 3 8 8 7 .7 8 5 7 7 7 . 9 8 2 1 . 6 4 6
3 6 4 .6 CFR 5y 0 3 0 2 9 6 1.85 1 8 4 .9 0 8 . 1 9 7 8 1 9 . 2 4
3 6 4 .6 CFR 5z 0 3 0 2 9 6 1.431 1 4 3 .07 8 .101 8 0 9 . 9 4
3 6 4 .5 CFR 2 2 x 0 3 1 3 9 6 1.81 1 8 0 .97 1 0 .8 0 2 20.71 2 0 7 0 . 6 7 4 4 6 . 6 7 6
3 6 4 .5 CFR 2 2 y  0 3 1 3 9 6 1 .774 1 7 7 .69 12 .45 1 2 4 7 . 0 5  j
3 6 4 .5 CFR 2 2 z  0 1 1 3 9 6 1.575 1 6 0 .8 4 13.31 1359 .21
3 6 3 .9 CFR 8x 0 3 0 8 9 6 1 .698 170 .3 2 3 .0 9 3 1 4 .16 1 4 2 0 .3 2 3 3 4 . 9 4 4
3 6 3 .9 CFR 8y 0 3 0 8 9 6 1 .754 1 7 5 .7 7 10 .72 1 0 7 4 .2 3
3 6 3 . 9 CFR 8 z  0 3 0 8 9 6 1 .707 1 7 0 .5 0 1 7 .46 1 7 4 4 .0 0
3 6 2 .9 CFR 9x 0 3 0 8 9 6 2.331 2 3 3 . 4 3 3 3 .3 3 2 2 1 .1 8 2121 .01 4 7 3 . 8 0 0
3 6 2 .9 CFR 9y 0 3 0 8 9 6 1 .709 1 7 0 .8 4 14 .27 1 4 2 6 .4 7
3 6 2 .9 CFR 9z  0 3 0 8 9 6 1 .822 182 .27 12 .15 1 2 1 5 .4 6
3 6 2 .3 6x 0 3 0 2 9 6 1 .976 1 9 7 .8 4 2 8 .6 0 7 13 .58 1 3 5 9 .6 7 4 0 . 9 2 4
3 6 2 .3 6y 0 3 0 2 9 6 1 .945 1 9 5 .4 8 12.91 1297.51
3 6 2 .3 6z  0 3 0 2 9 6 1.471 1 4 7 .16 12 .82 1 2 8 2 . 4 8
3 6 1 .2 CFR 2 1 x 0 3 1 3 9 6 • 2 .267 2 2 7 .1 7 2 7 . 7 9 6 10.21 1023.11 52 .761
3 6 1 .2 CFR 21y  0 3 1 3 9 6 1 .869 1 8 6 .9 0 9 . 8 5 8 9 8 5 . 8 2
3 6 1 .2 CFR 2 1 z  0 3 1 3 9 6 1 .729 1 7 3 .8 4 9 .1 4 9 1 8 . 9 8
3 6 0 . 6 CFR 20x 0 3 1 3 9 6 1 .653  1 165 .65 2 1 . 1 3 8 9 . 1 6 8 9 1 8 . 7 4 1 8 3 . 0 5 4
3 6 0 . 6 CFR 2 0 y  0 3 1 3 9 6 1 .644 164 .33 11 .54 1 1 5 3 .4 7
3 6 0 . 6 CFR 2 0 z 0 3 1 3 9 6 2 .0 1 2 2 0 1 . 5 8 12 .77 1 2 7 9 .4 3
3 5 9 .9 CFR 1 0 x 0 3 0 8 9 6 1 .793 179 .02 9 .1 3 7 9 . 3 5 2 9 3 3 . 7 2 1 4 0 . 2 0 9
3 5 9 . 9 CFR lOy 0 3 0 8 9 6 1 .796 179 .77 11.91 1 1 9 2 .1 4
3 5 9 .9 CFR lOz 0 3 0 8 9 6 1.95 195.21 11 .56 1 1 5 7 .2 2
U1
3 5 8 .7 CFR 1 1 x 0 3 0 8 9 6 1 .625 1 6 2 .6 0 2 5 . 0 7 7 8 . 5 6 2 8 5 6 . 7 0 6 9 . 9 4 9
3 5 8 .7 CFR l l y  0 3 0 8 9 6 2 .1 2 5 2 1 2 . 3 8 9 .1 1 7 9 1 1 . 1 9
3 5 8 .7 CFR l l z  0 3 0 8 9 6 1 .928 1 9 2 .7 5 9 . 9 5 8 9 9 5 . 5 3
3 5 7 .5 CFR 1 2 x 0 3 0 9 9 6 2 .0 9 6 209 .91 4 9 . 2 2 6 11.7 1 1 7 1 .7 5 1 3 1 . 5 7 6
3 5 7 .5 CFR 12y  0 3 0 9 9 6 1 .926 1 9 2 .37 9 .4 9 5 9 4 8 . 3 9
3 5 7 .5 CFR 12z 0 3 0 9 9 6 1 .156 r  1 1 7 .2 5 11 .64 1 1 8 0 .5 7
3 5 5 .3 CFR 13x 0 3 0 9 9 6 2 .0 6 206 .61 3 0 . 9 1 5 2 5 .2 4 2 5 3 1 . 4 6 5 8 2 . 6 0 8
3 5 5 .3 CFR 13y 0 3 0 9 9 6 2 .2 7 3 228 .61 13 .59 1 3 6 6 . 8 4
3 5 5 .3 CFR 13z 0 3 0 9 9 6 2 . 6 7 6 2 6 7 . 6 5 19.81 1 9 8 1 .3 8
3 5 2 CFR 1 6 x 0 3 0 9 9 6 1 .499 150 .0 9 3 9 .8 9 5 1 1 .88 1189.51 1 1 4 . 5 3 8
3 5 2 CFR 16y 0 3 0 9 9 6 1 .823 182 .2 9 9 . 6 0 8 9 6 0 . 7 7
3 5 2 CFR 16z 0 3 0 9 9 6 2 .2 8 8 229.41 10 .83 1 0 8 5 . 9 0
3 5 0 . 4 BRR 2 4 W 0 3 1 5 9 6 2 .6 8 9 2 6 9 . 1 3 4 2 . 9 1 4 0 . 2 5 7 2 5 .7 2 3 .7 9 6
3 5 0 . 4 BRR 2 4 x 0 3 1 5 9 6 3 .0 8 6 3 0 8 . 9 4 0 . 3 2 1 8 3 2 .2 2
3 5 0 . 4 BRR 2 4 y  0 3 1 5 9 6 3 .5 2 9 3 5 4 . 8 8 0 . 3 2 6 2 3 2 .8 0
3 5 0 . 4 BRR 2 4 z  0 3 1 5 9 6 2 .3 8 8 2 4 0 .4 7 0 .2601 F 26 .19
3 4 6 .9 CFR 14x 0 3 0 9 9 6 1 .574 157.31 1 0 6 .6 8 2 12 .79 1 2 7 8 .2 7 158 .711
3 4 6 .9 CFR 14y 0 3 0 9 9 6 3 .5 2 7 3 5 3 .2 5 10 .36 1 0 3 7 .6 2
3 4 6 .9 CFR H z  0 3 0 9 9 6 1.823 1 8 2 .1 5 9 .7 9 5 9 7 8 . 6 9
3 4 2 .3 CFR 1 5 x 0 3 0 9 9 6 2 .0 3 2 2 0 3 . 3 8 2 0 . 6 4 6 11 .03 1 1 0 3 .9 8 8 2 . 2 8 6
3 4 2 .3 CFR 15y 0 3 0 9 9 6 1.635 1 6 3 .6 6 10.25 1 0 2 6 .0 2
3 4 2 .3 CFR 15z 0 3 0 9 9 6  7 / 2 3 1.932 1 9 3 .3 0 9 .39 9 3 9 . 4 8
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